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Summary
Development of a catchment-scale water circulation model for
irrigated-paddy-dominant watersheds
Introduction
Irrigation in Japan accounts for 70% of total water diversion and is predominantly used for rice culti-
vation. Water movement within irrigated areas is complicated not only by the substantial volumes involved
but also by repeated cycles of diversion and return flow, by which diverted water gradually drains from irri-
gated areas. Thus, understanding water use and its management is crucial for characterizing flow regimes in
watersheds where irrigated paddies predominate.
Recent changes in our natural and social environments are increasing the vulnerability of the water re-
sources used for rice irrigation, which has been designed and operated under the assumption of stationarity.
Distributed hydrological models have often been used to assess the vulnerability of water resources. However,
although the importance of such assessments in analyzing anthropogenic water use in catchment-scale hydro-
logical systems is being increasingly recognized, few models have attempted to incorporate the dynamics of
water circulation associated with rice paddy irrigation.
A model suitable for assessing water resources for rice irrigation must have the following capabilities.
First, it must simulate water movements within irrigated rice fields, including water diversion from rivers,
allocation through channels, and return flow from irrigated areas. Second, it should represent natural hydro-
logical cycles in the whole watershed and should integrate natural and anthropogenic water movement within
the watershed.
In this thesis, the author presents an integrated model that couples catchment-scale natural hydrological
cycles and human-related water cycles in irrigated paddy areas; hereafter the catchment-scale water circu-
lation model. The main objective of model development is to assess the interaction between human-related
and natural water cycles, especially in watersheds where densely irrigated paddies are dominant. In addition,
to extend the applicability of the model to a broad range of hydrological conditions, several sub-models are
developed for representing flood inundation and snow-melting processes. These sub-models are subsequently
integrated into the catchment-scale water circulation model.
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Thesis Outline
Chapter 2 introduces the base model for this study. The base model simulates the interaction between
catchment-scale hydrological cycles and paddy water uses. The author also traces some of the shortcomings
of the base model and outlines the concept of the new model. In Chapter 3 presents the core issue of this
thesis to be addressed: the representation of water circulation in densely developed irrigated paddy areas, and
the integration of this model with natural hydrological cycles. The newly developed model is applied to a
typical watershed in which irrigated paddies are dominant in Japan, and the interaction between natural and
anthropogenic water cycles are evaluated. In Chapters 4 and 5, for extend the applicability of the new model,
sub-models for snowmelt and flood inundation processes are introduced and validated. Finally, in Chapter
6, the catchment-scale water circulation model is applied to three experimental watersheds, each of which is
dominated by different land uses and cultivation statuses: namely cultivated paddies, abandoned paddies, and
forest. We then discuss the ability of the new model to reproduce the hydrological changes associated with
physical changes in paddy conditions.
Results
Chapter 2: Base model structure and explanation of new model
The new model consists of five modules: water allocation and management, cropping pattern and area,
paddy water use, actual evaporation, and runoff. The model simulates both natural and anthropogenic water
flow on a grid-cell basis. In each grid cell there are three conceptual soil layers: root zone, unsaturated zone,
and saturated zone storage. Each grid cell is associated with mixture of various land uses, and for each land
use the model simulates the generation of surface runoff and actual evapotranspiration. The generated surface
runoff is routed by using a one-dimensional kinematic wave for channel flow.
The model explicitly represents water cycles in paddy areas as well as representing natural hydrological
cycles, thus enabling assessment of water management for irrigated paddies. To represent water management
in paddy fields, two modules were employed from the base model, namely cropping pattern and area, and
paddy water use models. These sub-models simulate the spatial and temporal variation in cropping areas
and water use in watersheds dominated by rain-fed paddies. In contrast, a new part of my approach is the
representation of water fluxes over multiple grid cells. Here, water fluxes include reservoir management for
irrigation, allocation of diverted water to large irrigated paddies, and return flow from irrigated paddies to
rivers. Representation of water flux over multiple grid cells is the core theme of this thesis.
Chapter 3: Modeling water circulation in irrigated paddy areas and its integration to catchment-scale
hydrological model
The water allocation and management model is based on two major algorithms, namely, a reservoir
operation scheme and a water allocation scheme. The reservoir operation scheme is used to estimate releases
from the reservoir to irrigation weirs downstream. Typical water releases from a reservoir, such as releases
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for hydropower generation or releases of excess water via a spillway, are calculated simply by evaluating the
inflow and storage capacity of the reservoir. In contrast, irrigation releases need to consider the flow rates at
diversion points downstream. In other words, the amount of water released should meet the water demand at
the downstream diversion point.
The lack of precise data describing water-use facilities and channel networks inhibits the modeling of
water flux over multiple grid-cells. Therefore, a recently configured GIS database of water-use facilities
throughout Japan was used. The database contains specifications for each facility, as well as for irrigation
channel networks and irrigation block polygons; these last two criteria have rarely been used for hydrological
modeling. Instead of calculating detailed water flows with hydraulics, the model simulated water allocation
according to priority orders of grid-cells in each irrigated block. Thus, we first determined the priority order
by assuming paddies in upper part in the irrigation block with channel have higher priority compared with
those in lower part without channel. The priority order was determined by using the following attributes of
each grid cell: 1) distance from weir, 2) distance from irrigation channels, and 3) elevation. We then allocated
water on the basis of the water demand in each grid cell, following the priority order in each irrigation block.
The modeled river networks were used to route the drainage from irrigated paddies.
As a case study, the catchment-scale water circulation model was applied to the Seki River Basin in
Japan. The grid cell size was approximately 1km2, and the catchment area was 1140 km2. Three irrigated
paddy areas extended along the sides of the main river; the total area of these paddies was 9200 ha. The
model performance was first investigated by comparing the calculated discharges with those observed at two
observation stations along the main river. One was located just downstream of the largest diversion weir,
and the other was located at the outlet of the watershed. When the results from application of the water
allocation schemes were incorporated, the calculated discharges during irrigation periods closely agreed with
the observed data at both points. The results indicated that both of the observation points were strongly
influenced by diversion and return flow processes, and that the water allocation and management model that
we developed was highly capable of representing the interaction between water circulation in irrigated paddy
areas and river flow systems. The results also suggested that a large portion of the diverted water was returned
to the river and thus could contribute to stable flows for downstream water uses.
Chapters 4 and 5: Extending applicability of the catchment-scale water circulation model
Two sub-models were developed and integrated into the main model to extend its applicability to a broad
range of hydrological conditions. First, Chapter 4 presented a grid-cell-based snowfall/snowmelt model in
which daily snow accumulation and snowmelt are calculated by using a simplified energy balance. Satellite
images of snow-capped areas were used to estimate the spatial distribution of model parameters in regions
where the observed meteorological data were sparse. The model was applied to the Seki River Basin, a repre-
sentative snowy basin in an area with a relatively warm winter climate in Japan. Comparison of the calculated
and observed snow water equivalent revealed that the model successfully represented the spatial distributions
of snowfall/snowmelt within a range of 200 mm, except in areas where locally intensive snowfalls occurred.
In addition, the discharges during snow-melt periods, as calculated by using the catchment-scale water circu-
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lation model, represented flow peaks and flow regressions with high accuracy.
In Chapter 5, an inundation process model was also developed and integrated into the catchment-scale
water circulation model. To assess flood hazard we employed a simple model that assumes that the inundated
area is a reservoir and the water levels in the reservoir and the surrounding area are equivalent. In other words,
no active water movement is assumed in the inundated area because the whole area is flat. In this model, the
inundation volume is calculated by using a continuous equation with the relation between inundation depth
and volume, or H-V relations, for the area: the excess rate of surface flow above the maximum conveyance
capacity of the rivers is input by using a distributed water circulation model. To apply the inundation model,
the high-resolution digital elevation model ASTER GDEM was used to extract detailed topographic features.
High-resolution raster digital elevation models, which are becoming available at global scale, provide useful
information on detailed topographical features within the grid cells of distributed hydrological models.
The model was applied to the Xebanfai River in the Laos PDR and performed daily calculations for 2004
through 2008. The Xebanfai River, a tributary of the Mekong River, drains an area of 10,330 km2. Paddy
fields, which account for 23% of the total catchment area, are found predominantly in the lower part of the
watershed. Thus, prolonged flooding causes damage to extensive paddy areas. Incorporation of the inundation
process model, markedly improved the performance of the catchment-scale water circulation model in terms
of calculated discharges, including the timing of peak discharges. In addition, the model was rigorously
validated by using the maximum area inundated in 2008, as determined from ALOS/PALSAR images. The
comparison confirmed that the large-scale inundation processes in the lower reaches of the watershed were
precisely represented by the model; hence, the model enables the agricultural damage caused by flooding to
be evaluated.
Chapter 6: Application of model to experimental watersheds
The integrated model’s ability to reproduce differences in runoff characteristics among watersheds was
investigated. To assess the interaction between hydrological characteristics and paddy conditions, three ex-
perimental watersheds were set, each of which is dominated by either cultivated paddies, or abandoned pad-
dies, or forest: namely cultivated-paddy-dominant watershed (CPW), abandoned-paddy-dominant watershed
(APW), and forest watershed. Each of the watersheds was approximately 1 km2 in area. Rainfall and dis-
charge were observed at 10-min intervals in each watershed. The short-term rainfall-runoff characteristics
were analyzed in the case of rainfall events exceeding a daily precipitation of 20 mm and a rainfall intensity
of 5 mm/h. The analysis revealed that the runoff ratios of APW were significantly higher than those of CPW
under wet conditions, whereas no significant difference between the watersheds was observed under dry con-
ditions. These results indicate that abandonment of paddies leads to larger peak discharges, suggesting that
the presence of abandoned paddies increase the flood risk in a watershed.
Next, a sub-model representing land-surface process in abandoned paddies was developed and incorpo-
rated it into the catchment-scale water circulation model. The model was applied to the three experimental
watersheds. Before the calculation of the short-term runoff events, long-term calculations at 1-day intervals
were performed to estimate the initial conditions, or wetness, in each experimental watershed. We then per-
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formed short-term runoff calculations at 10-min intervals using the extracted state variables for CPW and
APW. The discharge calculations revealed higher flow peaks for APW than for CPW in wet conditions,
whereas the flow peaks were equivalent in dry conditions. These results were in accordance with the ob-
served runoff characteristics. Comparison of the initial conditions between the watersheds revealed that the
storage volumes of the saturated zones were higher in the abandoned paddies than in the cultivated paddies,
suggesting that the water table was higher under the abandoned paddies. The model experiments showed that
differences in groundwater storage may affect the short-term runoff characteristics of small watersheds.
Conclusion and Outlook
In this thesis, the author presents a novel approach for assessing the interaction between natural and
anthropogenic water cycles in irrigated-paddy-dominant watersheds. In addition to assessing this interaction,
the proposed model is able to reproduce the changes in water circulation in watersheds by accounting for
differences in paddy field management schemes. The concepts in the model should contribute to ongoing
discussions on how to incorporate anthropogenic impacts into distributed hydrological models.
There are two potential beneficiaries of this model: the climate-change impact-assessment community
and managers of water resources in paddy-dominant watersheds. A number of studies have examined the
impacts of climate change on water resources. However, the effects of anthropogenic water cycles in paddy-
dominant watersheds have not yet been examined explicitly, and thus the impact of climate change on paddy
water-use systems is not fully understood. The proposed model calculates both natural and anthropogenic
water cycles in watersheds. It thus provides not only stream flow changes, but also the potential effects of
climate change on reservoir storages and the amounts of water diverted for paddy irrigation.
Also, the model has the potential to contribute to water resources management, especially in watersheds
undergoing rapid societal change. The expected societal changes in paddy-dominant watersheds in Japan will
lead not only to an increase in the number of abandoned paddies, but also to increases in the number of crop
varieties used and the length of irrigation periods, or increases in water demand due to changes in field water
management. Moreover, in developing countries in the Asian Monsoon region, the area under irrigation and
the number of reservoirs being developed are increasing at a tremendous rate. This model should be highly
useful in the planning for optimum management of such watersheds.
Assessing the potential impacts of changes in the natural and social environments of watersheds on
water resources is one of the main areas of study to which hydrological models can contribute. If such impacts
on water resources are found to be negative, then it will be important to propose effective countermeasures.
The model presented here, which represents multiple water uses in an integrated manner, is suitable for
addressing these issues and for optimizing water-use regulations for whole watersheds and water sharing
among water-use sectors.
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Table 1¬ofÉÖ·éÏEè
Ï¼ à¾ PÊ
S r ªQæ¯Ê mm
I yëZüÊ mm/dt
Iabn cZ§\ikìúücj mm/dt
Ea Àö­UÊ mm/dt
Qv Oaæ¯ÖÌZ§Ê mm/dt
S u sOaæ¯Ê mm
Ds Oaæ¯Ìó«eÊ mm
Qb Oaæ¯ÔÌÚ®Ê m3/dt
Rc îê¬oÊ m3/dt
S c ¬ºûüÖÌn\ùz -
Ls ObhZÌÓ· m
Lc ObhZÌÍ¹· m
p ~J­x mm/dt
f n\Zü\ mm/dt
Ksat Oa§W cm/dt
ψ ZüOüÌTNVª cm
re \Ê¬oÊ m/s
Ft ÝÏZüÊ mm
h [iÎÊ¬fj m
q PÊ¬ÊiÎÊ¬fj m/s
A Í¹fÊÏiÍ¹¬fj m2
Q PÊ¬ÊiÍ¹¬fj m2/s
è¼ à¾ PÊ
S rmax ªQæÅå¯Ê mm
Td Z§¬ÌÔxêW dt/mm
Qb0 nºÚ®ÊÌè m3/dt
fb nºÚ®ÊÌü¸W mm
Rc0 îê¬oÊÌè m2/dt
fr îê¬oÌü¸W mm
k, p ÎÊ¬fÌè -
K, P Í¹¬fÌè -
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Table 2ìtÉÖ·éÏ
Ï¼ àe PÊ
Aia óòcÊÏ m2
Df ÞêPÊpÊ mm/dt
Ip cZ§Ê mm/dt
Pcum ìtÂ\ÏZ~Ê mm
Ac ìtÊÏ m2
Ap ìtÂ\ÊÏ m2
D A¦t¯Jn©çÌú day
Ttra A¦t¯úÔ day
Table 3cpÉÖ·éÏEè
Ï¼ àe PÊ
Qi Íì©çÌæÊ m3/dt
Qgw epÊ m3/dt
Qch Íì¬Ê m3/dt
Qif óò{ÝÌeÊ m3/dt
Qnw pÊ m3/dt
Qa cÊ m3/dt
Qdr ¹¸Ê m3/dt
Qnet óònæ©çÌ¬oÊ m3/dt
Qret óònæ©çÌÍìÒ³Ê m3/dt
Qinf ãwn©çóònæÖÌ¬üÊ m3/dt
Parea óònæÌ½Ï~Ê mm
Fr ÍìÒ³¦ -
RRI ~JEóòä -
è¼ àe PÊ
Ie óòø¦ -
Table 4rÇÉÖ·éÏEè
Ï¼ àe PÊ
Qrin r¬üÊ m3/dt
Qrout rú¬Ê m3/dt
Vr _Ê m3
Qru ú¬Ê m3/dt
Qspill ú¬Ê m3/dt
Qrf Û¬Ê m3/dt
Qri óòpú¬Ê m3/dt
Qrd sspú¬Ê m3/dt
Qrp ­dú¬Ê m3/dt
Qrsf rº¬¬oÊ m3/dt
Qcin ú¬ÎÛn_ÌÍ¹¬Ê m3/dt
è¼ àe PÊ
Qrpmax Åå­dú¬Ê m3/dt
vrmax LøÊ m
3
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Table 5ÃEXfÉÖ·éÏ
Ï¼ àe PÊ
Qout Ãæ©çÌ¬oÊ m3/s
Qin ÃæÖÌ¬üÊ m3/s
W ÃæÊÏ m2
Hin ÃÊ m
Table 6ÏáEZáfÉÖ·éÏEè
Ï¼ àe PÊ
Qm ZáÉgíêéGlM[ W/m2
Rn ³¡úËÊ W/m2
H °MAÊ W/m2
Qg n`±M W/m2
Qr JÉæé`BM W/m2
α ÏáÊÌAxh -
S ↓ ºü«ZgúËÊ W/m2
L↓ ºü«·gúËÊ W/m2
ǫ ÏáÊÌËo¦ -
Ts Ïá\ÊÌ·x ◦C
S d SVúËÊÌú½Ïl W/m2
S 0d åCã[½ÊÌú½ÏúËÊ W/m2
N úÆÔ h
N0 ÂÆÔ h
Hr úÌo©çìÜÅÌp rad
φ Üx rad
δ ¾zÌÔÜ rad
d0 ¾zEnÔÌ£ m
f CÓÎÊÌóõW -
f0 ½RÊÌóõW -
θ ÎÊùz rad
β ÎÊûü rad
CR ~áÌâ«¦ -
ksl öME°MAp[^ mm/(Kd)
è¼ à¾ PÊ
I00 ¾zè 1, 365iW/m2j
σ Xet@E{c}è 5.67 × 10−8iW/im2 K4jj
ιf XÌZðM 0.33 × 106iJ/kgj
ρw Ì§x 1.0 × 103ikg/m3j
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Table 7Àö­UÊèÉÖ·éÏ
Ï¼ àe PÊ
ET0 îö­UÊ mm/d
G nMtbNX MJ/m2/d
Ta ú½ÏC· ◦C
U ú½Ï¬ m/s
Patm åC³ @ kPa
H Î¼x %
es OaöC³ kPa
ea öC³ kPa
Kc ì¨W -
γ £¼vè kPa/ ◦C
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¹ÆµÄÊuÃ¯çêC»Ìf»â]¿ªsíêÄ«½iHai et al., 2008j[16]D
µ©µCÃðÍðs¤½ßÌÚ×ÈÍ¹fÊCçhCùzÌf[^ÍCAlca´ntara-Ayalai2002j[2]
ªwE·éÊèCÁÉ­WrãÌá½nÍìÉ¨¢ÄÍ»ÌÊC¿ÆàÉÀçêCÃðÍfKp
Ì½ßÌå«ÈáQÅ Á½Dá¦ÎC¬æXP[ÅÌÃ»ÛÌf»ðs¤½ßÉCYamazaki
et al.i2011j[31] Íªz^¬ofÌbVàÉn`f[^ðæèÞ±ñÅTubVXP[
ÌÃE^ÇÕðsÁÄ¢éªCÍ¹Cçh³ÌîñÍo±Ip[^ÆµÄÝèµÄ¢éD
±êÉÎµC£Ep®i1977j[79] â{Ep®i1995j[85] ÍCá½ÍìüÓÌcnÑÉ¨¯éÃ
æªÍ¹Éä×ÄLåÅÉÈ¬æð`¬·é±ÆÉÚµCÃæSÌðrÆ©ÈµÄ»ÌÊ
ªêlÉÏ»·éÆµ½ðÍè@ðñÄµÄ¢éD±Ìû@ÍCÃ´Ìn`f[^ÌÝðõ·é±Æ
ÅÀpIÈ¸xÅÈÖÉðÍªs¦éDµ©µÈªçCªz^¬ofÉ¨¢ÄÍ¹©çbVÖÌ
Ã»ÛÍ\»Å«¸CXÉæé_níQÌèâ»Ì¹ÆµÄÌ]¿ðs¤½ßÌc³ê½Û
æ 1Í Í 5
èÆÈÁÄ¢é.
1.3 ÚIÆû@
ãLÌæ¤ÈwiÆ±êÜÅÌ¤¬Êð¥Ü¦C{¤ÌÚIð
cóòìz¬æÉ¨¯él×IÈzÂnð\»µC¬æzÂÆêÌIÉðÍ·éfÌ
J­ÆØðs¤
±ÆÆ·éD
ãLÌÚIðB·é½ßCÈºÌæ¤Èû@Éæè¤ðißéD
1j{¤ÅJ­·éfÌvg^CvÆµÄC½lÈcpðl¶µ½ªz^zÂf
iJûEgcçC2009j[67–69] ðÊuÃ¯C¯fðÈº{_¶ÅÍuî{fvÆæÔD
2j{¤ÌjÆÈéCcóòìz¬æÉ¨¯él×IÈ¬®ßöð\»·éupzªEÇ
fvð\zµCî{fÉÀ·éD³çÉCñÄµ½fðcóòìz¬æÉKpµÄ
»ÌK«ðmF·éÆÆàÉCcóòª¬µÉ^¦ée¿ÉÂ¢ÄèÊIÉl@·éDÈ¨C
J­·éfðÈº{_¶ÅÍu¬æzÂfvÆæÔD
3j¬æzÂfÉukìóÔªÙÈéc©çÌ¬ovßöðgÝÝCynpâcÌÇ
óµªÙÈé¡Ì±¬æÉfðKp·éDKpµ½fÌ¬oÌÄ»«ÉÂ¢Ä¸¸·
éÆÆàÉCRÔnæÌ¬æzÂÆ¬oêÅ écÌÇóÔÆÌÝÖWð]¿·éD
4j¬æzÂfðL¢¶Â«Ì¬æÖKp·é½ßÉCuÏáEZáv¨æÑuá½nÌÃ
Xvßöð\»·éTufðJ­·éDeTufð¬æzÂfÉgÝÞÆÆ
àÉ±êçÌßöªìzµ½¬æÉKpµCfKp«Æ¸xðØ·éD
1.4 _¶Ì\¬
±ÌÍÅÍC{¤ÌwiÆÚI¨æÑû@ÉÂ¢Äq×Ä«½DÍÈ~ÍCÜ¸æ 2ÍÅ{¤Ì
J­·é¬æzÂfÌî{\¢ðñ¦·éÆÆàÉCfJ­Ì|CgðLµÄî{fÆ
Ìá¢ð¾mÉ·éDæ 3ÍÅÍC{_¶ÌjÆÈépzªEÇfÌJ­û@¨æÑ¬æzÂ
fÖÌÀû@ÉÂ¢Äq×CÀÍìÖÌKpÊ©çfÌK«ð¾ç©É·éD¢Åæ 4
ÍC5ÍÅÍC¬æzÂfÌ½lÈCóÑCn`Ì¬æÖfÌKpÍÍðg£·é½ßÌTu
fÌJ­ðs¤Dæ 4ÍÅÍÏáEZáßöCæ 5ÍÅÍá½nÌÃXßöÌ\»û@ð¦·Æ
ÆàÉC»ê¼êÌßöªìzµ½¬æÉ¨¢ÄTufÌØðs¤D³çÉæ 6ÍÅÍ¬æzÂ
fÉkìóÔªÙÈéc©çÌ¬oßöðgÝÝCynpâcÌÇóÔªÙÈé¡Ì
±¬æÉfðKp·éDKpµ½fÉæé¬oÌÄ»«ÉÂ¢Ä¸¸·éÆÆàÉCRÔnæ
Ì¬æzÂÆ¬oêÅ écÌÇóÔÆÌÝÖWð]¿·éDÅãÉæ 7ÍÅÍ_Æ¡ãÌW
JÉÂ¢Äq×C{_¶ð÷ß­­éD
6æ 2Í
¬æzÂfÌî{\¢ÆJ­Ì|
Cg
2.1 Í¶ßÉ
{ÍÅÍCuî{fvi½lÈ_npðl¶µ½ªz^zÂfiJûEgcçC2009jj[67–69]
ð\¬·é 4ÂÌTufi¬ofCÀö­UÊèfCìtúEìtÊÏèfC
cpfjÉÂ¢ÄC»ÌTOÆvZû@ðq×éD³çÉC{¤ÅæègÞu¬æzÂf
vÌJ­|CgÉÂ¢Äq×éD
{ÍÅ¦µ½vZÌÔPÊ dtÍî{IÉúPÊÅ éD½¾µCn\¬­¶ÊÌZèi2.2.1.2jCÎ
ÊEÍ¹¬ÌÇÕ@i2.2.1.3jÅÍZÔÉÏXÅ«éDÜ½CfÌSÄÌÏÍÔCóÔÌ
³ðÂªC{ÍÅ¦µ½vZÍ¯êÌÔCóÔàÅ®·éàÌÅ é½ßCÁÉfçÈ¢Àè
ÔCóÔÌ³Í\¦µÈ¢D
2.2 ¬æzÂfÌî{\¢
2.2.1 ¬of
2.2.1.1 ObhZPÊÌ¯âÚ®
¬æzÂfÍCãwÌªQæiRoot Zone StoragejCwÌsOaæiUnsaturated Zone StoragejC
ºwÌOaæiSaturated Zone StoragejÆ¢¤ 3 wÌ¯©ç¬éObhZÉª·éiFig.2.1jD
±ÌObhZÉæè~JÉæén\¬oC¼~ºÉæéÔxêCObhZÔÌn\EnºÌ
Ú®Æ¢Á½e¶ßöð\»·éD
eObhZÅÍCXÑCVcCóòcC¨nCæÌynpæªð^¦C»ÌªQæÌÅå
¯Ê S rmaximmjÍynp²ÆÌªQæÅå¯ÊðeÊÏ¦ÉæèdÝt¯½ÏµCObhZ
ÉÏêÈlÆ·éDªQæ¯Ê S rimmjÍCyëZüÊ Iimm/dtjCÀö­UÊ Eaimm/dtjÌûx
©çvZ·éD
dS r
dt = I − Ea − Qv (2.1)
yëZüÊ I Í 2.2.1.2Åãq·éû@ÉæènÚ²ÆÌZüÊðvZµCeynpÌÊÏ¦ÅdÝt
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Precipitation
Snowfall/Melt Evapotranspiration
Surface Runoff
Root Zone
Unsaturated Zone
Percolation
Base flow 
(to river)
Saturated flow 
(to downstream)
Saturated Zone 
Irrigation
Fig.2.1ObhZàÌJ¯E¬o\¢
¯½ÏµÄZè·éDÜ½CEa Í 2.2.3Åq×éû@ÉæèßéD
ªQæ¯Ê S r ª»ÌÅål S rmax ð´¦éÆC¼ûüÌ¼~º¬ª­¶·éDî{fÅÍC
­¶µ½¼~º¬ÌSÊª¯ÔXebvÌ¤¿ÉOaæ¯ÉB·é\¢Å Á½ªC±±ÅÍ»
ÌÔxêðl¶·é½ßÉCOaæ¯ÖÌ¬ºÊ Qvimm/dtjðsOaæÌ¯Ê S uimmjCOa
æ¯ó«eÊ DsimmjÆÔxêp[^ Tdidt/mmj©ç®i2.2jÉæèßéû®ÉüÇ·é
iBeven and WoodC1983[7]jD
Qv =

S u
DsTd
(Ds > 0)
1
Td
(Ds = 0)
(2.2)
±±ÅCS uÍsOaæ¯ÊimmjCDsÍOaæ¯ó«eÊimmjCTdÍÔxêp[ i^dt/mmj
Å éDÈ¨CªQæÌ´ßªÌ¤¿OaæÉ¬ºµÈ©Á½ÊÍ S u ÆµÄsOaæÉÆÇÜéD
dS u
dt =

S r − S rmax − Qv (S r > S rmax)
−Qv (S r < S rmax)
(2.3)
Oaæ©çÌÚ®ÍC×Ú·éº¬ObhZÌOaæÖÌ½ûüÌÚ® Qb ÆÍ¹ÖNo·é
îê¬o Rc Éæè\³êCOaæÌûxÍ®i2.4jÅvZ³êéD
dDs
dt = Qv − Qb − Rc (2.4)
ObhZÔÌnºÚ®Ín\ÊÌ¬ºûüÉ]¤àÌÆµC»ÌÚ®Ê Qb Í®i2.5jæèvZ
·éD
Qb = Qb0 exp (−Ds/ fb) S cLs (2.5)
±±ÅCQb0 ÍnºÚ®ÊÌp[ i^m2/dtjCS c Í¬ºûüÌn\ùzCLs ÍObhZÌÓ
·imjC fb ÍOaæÚ®ÊÌü¸p[^immjÅ éD
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î{fÅÍCîê¬oÊ Rc ÍOaæ¯Êªlð´¦½êÉC»Ì´ßªSÄªÍ¹É¬o
·ésA±IÈ\¢Å Á½iJûEgcçC2009j[69]Dµ©µ±±ÅÍ®i2.6jÅObhZÌOa
æ¯ÊÉ¶ÄA±IÉÏ»·éàÌÆµ½D
Rc = Rc0 exp (−Ds/ fr) Lc (2.6)
±±ÅCRc0 ÍPÊÍ¹· ½èÌNoÊim2/dtjCfr Í¬oÌü¸p[^immjCLc ÍÍ¹·imj
Å éD
È¨CãLÌ Qb0C fbCRc0C fr ÍyëÌ§«ÆîÕÜÅÌywÌú³ð½fµ½p[^Å èC
SObhZÉêlÌlð^¦éDQb0 Æ fb ÍOaæ¯ÊÌóÔIÈªzÉÏ»ð^¦CÊÆµ
Ä~JÌOan\¬Ì­¶Êðxz·é½ßCÏª¬ÊÌos[NÆü¸ðÄ»·éæ¤Éè·
éDêûCRc0 Æ fr ÍåÉá¬ÊÉÖW·é½ßC¬ÊÏªn_Ìá¬Ê©çßéD
2.2.1.2 n\¬­¶ÊÌZè
{fÅ\·n\¬Ì­¶ßöÍC~J­xªZ§\ð´¦½êÉ¶¶én\¬iZ§]èn\
¬jÆCyëªOaµ½ObhZÖÌ~JÉæÁÄ¶¶én\¬iOa]èn\¬jÌñÂÅ éD
OÒÍCvZÔ dtÉêè­xÅ~J pimm/dtjªp±µ½Æ«ÌZü\ fimm/dtjÌÔÏ»
ð Green AmptfiGreen and AmptC1911j[15] ÉæèvZµCf ª pðºñÁ½Æ«É­¶·éàÌ
Æ·éDvZÔ t©ç t+dtÌZ§]èn\¬Ì­¶ÍÈºÌæ¤ÉßéiChow et al.C1988j[11]D
Ü¸C tÌÝÏZ§Ê Ftimmj©çZü\ ft ðßéD
ft = Ksat
(
ψ∆θ
Ft
+ 1
)
(2.7)
±±ÅOa§W Ksaticm/dtjCGêOüÌTNVª ψimmjCvZJnÌªQæú¯¦
∆θ = 1 − S r/S rmax Å éDZèµ½ ft ª~J­x pðºñéêÉÍ t©ç t+dtÜÅp±IÉZ§]è
n\¬ª¶¶éD
¼ûC ft ª p ðãñéêÉÍC~JªSÄnÉZüµ½Æ¼èµ½Æ«ÌÝÏZ§Êð F′t+dt =
Ft + p dtÆu«C»ÌÆ«ÌZü\ f ′t+dt ðZo·éD±ÌÆ«C f ′t+dt ª pðãñéêÉÍ»ÌúÔÉ
ÍZ§]èn\¬Í¶¶È¢D¼ûCàµ f ′t+dt ª pðºñéÆ«ÉÍCúÔ dtÌ¤¿ÉZ§]èn\¬
ª¶¶éDZ§]èn\¬ª¶¶é t+dt’ÉÍC ft+dt′ = p¨æÑ Ft+dt′ = Fp ª¬è§ÂÌÅCÝÏZ
üÊ Fp Í
Fp =
Kψ∆θ
p − K (2.8)
ÆÈéDÅãÉCt©ç t+dtÜÅÌ~JÊ©ç dt’ÜÅÌÝÏZüÊð·µø¢ÄZ§]èn\¬ð
¾éD
êûCãÒÌOa]èn\¬Í®SÉOaµ½óÔiS r = S rmax ©Â D = 0jÌObhZÉ¨¢
Ä¶¶éD·Èí¿C tÉ¨¢Ä±Ìðð½·ObhZÉ~Á½JÌSÊªOa]èn\Æ
ÈéDÜ½CvZÔ t©ç t+dtÌÉ±Ìðª½³ê½êÉÍCOaÆÈÁ½_È~Ì~JÊ
ðOa]èn\¬Æ·éD
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2.2.1.3 ÎÊEÍ¹¬ÌÇÕ@
­¶µ½n\¬ÍCSÄObhZÌÍ¹ðÊ¶Ä¬º·éàÌÆµCn\¬oðÍ¹fÉ¬ü
³¹éÛÉÍxêÔðl¶·éDî{fiJûEgcçC2009j[69] ÅÍC10kmlûÌObhZ
Å­¶µ½n\¬ªÍ¹É¬ü·éÜÅÌÔxêð 5úÔÌÚ®½ÏÉæè\»µÄ¢éD½¾µC
Ú®½ÏðÆéúÔÍObhZÌå«³ân`ÉË¶·é½ßC»ÌèÍeÕÅÍÈ¢D
»±Å±±ÅÍC­¶µ½n\¬oªÍ¹É¬ü·éÜÅÌÔxêð\»·é½ßCObhZÌ
n\Êðê{ÌÍ¹Æ»Ì¼¤ÌñÂÌ¼zIÈÎÊÆµÄf»·éDn\¬oÊ reim/sjðÎÊ¬
ÆµÄÈºÌæ¤Éµ¤D
∂h
∂t
+
∂q
∂x
= re (2.9)
h = kqp (2.10)
±±ÅChF[imjCqFPÊ¬Êim2/sjCkCpFèÅ éDÎÊ¬è kCpÍC¿ex N Æ
ÎÊùz sðp¢ÄCk = (N/√s)pCp = 0.6Æ\³êéDeObhZÌ¿ex N ÍWlip®C
1980j[44] ðQlÉCXÑi1.5is m−1/3jjC¨ni0.4is m−1/3jjCci2.5is m−1/3jjÆµCObhZ
àÌynpÊÏ¦ÅdÝt¯½Ïµ½lðp¢½DÜ½CÎÊùz sÍObhZàÉÜÜêé 50m
ÔuÌWf[^ÌWÎ·ðÎÊ·Åµ½lÆµ½D
Í¹¬ÍCã¬[©çÌ¬üÊ Qim3/sjCãqÌvZÉæèZoµ½PÊ ½èÌ¡¬üÊ qim2/sj
ðLl}eBbNEF[uÅvZ·éD
∂A
∂t
+
∂Q
∂x
= q (2.11)
A = KQP (2.12)
±±ÅCAF¬fÊÏim2jCKCPFèÅ éDÍ¹Ìè KCPÍC¬æð¬¬æÉªµC»êç
ÌÍ¹ÆObhZÌ½ÏW©çZoµ½ùzÉæèèµ½D
ÎÊ¬CÍ¹¬Ì·ªð@ÉÍ Li et al.i1975j[21] ÉæÁÄñÄ³ê½ nonlinear schemeðp¢éD¯
@Í³ðÀèÅvZÔÝÌ§ñª¬³­CL¢ÍÍÌÔÝCóÔÝÉKpÂ\Å éD±±
ÅÍÍ¹¬ðáÉ»ÌvZû@ð¦·DÔÝð jCóÔÝð iÆ·éÆCnonlinear schemeÅÍ®
i2.13jÌæ¤ÉÔCóÔÆàÉOi·ªÉæè£U»·éD
A j+1i+1 − A
j
i+1
dt +
Q j+1i+1 − Q j+1i
dx =
q j+1i+1 + q
j
i+1
2
(2.13)
±êð Q j+1i+1 ÉÂ¢Ä®µCj[g@ÉæèððßéD
2.2.2 ìtúEÊÏèf
ìtúEìtÊÏèfiJûEgcçC2009j[67] ÍCVcÆóòcÌìtÌnÌá¢âC
~âóòÊÉ¶½cÌìtúÈçÑÉìtÊÏÌÏ»ðè·éfÅ éDî{fÌ
J­ÅÍCX[AWAnÑÌcÌ½l«ðl¶·é½ßCcÌnâóòû®ðÚ×ÉªÞµÄ
¢éD·Èí¿CcÌnÍ 4íÞiuVci®SVË¶^jvCuVciâ¹p^jvCuóò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cvCu^pcvjÅ èCóòû®Í 6íÞiudÍóòvCu|vóòvCuróòvCuR}
^[WóòvCuª¬óòvCunºóòvjÌæ¤Å éDÜ½CîÌiíÉÂ¢Äà´õ«ClCñ
´õ«ClÌ 2íÞðl¶µÄ¢éD½¾µ±±ÅÍCcÌÚ×ÈªÞâ»êçÉ¶½p[^Ì
ÝèÉÍGê¸CfÌî{IÈl¦ûÌÝðq×éD
îÌA¦t¯ÍCA¦t¯ÉKvÈÊªmÛÅ«½c©çJn³êéàÌÆµCcÉ³ê
½ÊÉ¶ÄJnúªÏ®·éDïÌIÉÍCÏZJnú©çÌÏZ~ÊªA¦t¯Â\ÏZ~Ê
Pcumimmjð´¦½ObhZ©çA¦t¯ðJn·éàÌÆ·éDA¦t¯úÔÉ¨¯écì
tÊÏÍ®i2.14jÅZo·éD
Ac = Ap
D
Ttra
(2.14)
±±ÅCAc ÍìtÊÏim2jCDÍA¦t¯Jn©çÌúCTtra ÍA¦t¯úÔiújCAp Í éOb
hZÉ¨¢ÄA¦t¯Â\ÈcÊÏim2jÅ éD
2.2.3 Àö­UÊèf
Àö­UÊèfÍCFAOÌ Penman Monteth ®iAllen et al., 1998j[3] Éæèèµ½îö­
UÊ ET0imm/dtjC¬ofÅvZ³ê½ªQæ¯Ê S r ðp¢ÄÀö­UÊðè·éTuf
Å éDîö­UÊÍ FAOÌ Penman-Monteith®i® 2.15j©çè·éDîö­UÊ ET0 ÌZo
û@ÌÚ×Í{ÍÌt^É¦·D
ET0 =
0.408∆(Rn − G) + γ 900Ta + 273U(es − ea(Ta))
∆ + γ(1 + 0.34U) (2.15)
±±ÅCRn Í³¡úËÊiMJ/m2/dtjCGÍnMtbNX (= 0)iMJ/m2/dtjCU Í¬im/sjCes ÍO
aöC³ikPajCea(Ta)ÍC· Ta É¨¯éöC³ikPajC∆Í·x|OaöC³ÈüÌùzikPa/ ◦CjC
Ta Í½ÏC·i ◦CjCγÍ£¼vèikPa/ ◦CjÅ éD®i2.15jÌ»ê¼êÌvZû@ÍC2.4É
t^ÆµÄL·D
Ea =
ElAl + EwAw
Ac
(2.16)
±±ÅCAcCAwtCAl Í»ê¼êObhZCæC¤æÌÊÏim2jCEw Íæ©çÌö­Êi= ET0j
Å éDÈ¨C¤æ©çÌö­UÊ Elimm/djÍCynp i²ÆÌÀö­UÊ Eaimm/dtjðÊÏ½Ï
µÄ®i2.17j©çßéD
El =
∑
i
Kc(i, t) A(i)Ac
S r
S rmax
ET0 (2.17)
±±ÅCì¨W Kc(i, t)Íynp iC t ÌìtóµÉ¶ÄÏ»µCîìtúÆXÑÍ 1.1C¨
nÍ 0.6CñìtúÌcÍ 0.3Æ·éiAllen et al.C1998j[3]D
2.2.4 cpf
cpfÍcÖÌæÊâX[Ìèðs¢C³çÉX[É¶½óòÇâc©
çÌ¬oð\»·éfÅ éD±ÌfÅÍCãqµ½ìtúEìtÊÏèfC¬of
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Reservoir Operation (3.2.1)
Water Allocation and Management Model
Water Allocation (3.2.2)
Basin-wide Water Circulation Model
Actual Intake
Irrigation Canals
Release
Reservoirs 
Irrigated Paddies
Diversion Weirs 
Requirement for 
Irrigation Areas
Original Distributed Water Circulation Model 
(Taniguchi, Yoshida et al., 2009) 
Snowfall/Snowmelt (4)
Surface Flow (2.2.1.3)
Water Storage in a Grid (2.2.1.1)
Improvement of Model Components Runoff (2.2.1)
Cropping Pattern/Area
(2.2.2)
Actual ET (2.2.3)
Paddy Water Use (2.2.4) Innundation (5)
Fig.2.2 pzªEÇfðµ½¬æzÂfÌ\¢i}ÌÍ{_¶ÌÍÔð
\·j
CÀö­UÊèfðp¢Äèµ½ìtÊÏCæÂ\ÊiÍì¬ÊjCÀö­UÊðpµÄ
vZðs¤D
cÖÌÀæÊ Qi m3/dtjÍepÊ Qgwim3/dtjÉîÃ¢Äè·éD½¾µCæ·éObh
ZÅÌÍì¬Ê Qchim3/dtj¨ æÑóò{ÝÌ{ÝeÊ Qif m3/dtjª§ÀvöÆÈéD·Èí¿CQch
im3/dtjCQif m3/dtjCQgwim3/dtjÆÌå¬ÖW©ç®i2.18jÉæèZè·éD
Qi = min
(
Qgw, Qch, Qif
)
(2.18)
ÀæÊZèÉKvÈCepÊ Qgw Íóòø¦ Ie ÆpÊ Qnwim3/dj©çßéD
Qgw = QnwIe (2.19)
È¨CQgw Æ Qnw ÆÌ·Í¹¸ÊÆµC~JÆí¹ÄObhZÌ\ÊÉ^¦éDÜ½C
pÊ Qnw ÍÞêPÊpÊ Dfimm/dtjCìt¯ÌóòcÊÏ Aia m2j©çÈºÉæèZo·éD
Qnw = AiaDf × 103 (2.20)
Df = ETa + Ip − p (2.21)
±±ÅCpÍ~Êimm/dtjCIp ÍcZ§Êimm/dtjCEa Íö­UÊimm/dtjÅ éD
±êçÌÊ©çCc¯Ê HpimmjÍcK©çÌ¬oÊ Hpoutimm/dtjÌûx©çZ
o·éD
dHp
dt = p − Ip − ETpad − Hpout + Qi/Aia × 10
−3 (2.22)
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È¨Cc©çÌ\Ê¬oÊ Hpout Í®Sz¬ð¼èµCÌz¬ö®©çßéD
2.3 ¬æzÂfÌJ­|Cg
î{fÍCKvÊCpÂ\ÊCæ{ÝeÊ©çObhZ²ÆÌcpâ½lÈì
tÌnð\»·éiFig.2.2Ì Original Distributed Water Circulation ModeljD½¾µCî{fÍO
qµ½æ¤ÉRÍÉ¨¢ÄJ­µÄ«½àÌÅ èC»±ÅÍVcâ¬KÍÌ{ÝÅÌóòª
åªðèßé½ßC_ÌåKÍÈrÉæézÂÌÏ»Í\»³êÄ¢È¢DÜ½Cóòc
ª éÆµÄàfÌPêObhZiñ 10kmjàÉûÜéàÌÅ Á½D
êûÅCV½ÉJ­·épzªEÇfÍú{Ìæ¤ÈxÉJ­³ê½Íì¬æÖÌKpðÚ
IÆµCr^pCÍì©çóònæÖÌæâ»ÌzªÆ¢Á½¡ObhZÔÉ×éLæÌ
cóònæÉ¨¯él×IÈzÂßöðf»µ½àÌÅ éipzªEÇfC¯}
ÌWater Allocation and Management ModeljD¯fðî{fÌî²ªÆµÄgÝÞ±ÆÉæ
èCLæÈóòcåÌ¬æÌzÂð\·¬æzÂfð\zÅ«éi¯}Ì Basin-wide Water
Circulation ModeljD
2.4 ¬
{ÍÅÍC{¤ÅJ­·éu¬æzÂfvÌ´^ÆÈéuî{fvÉÂ¢ÄCfð\
¬·é 4ÂÌTufi¬ofCÀö­UÊèfCìtúEìtÊÏèfCc
pfjÌTOÆvZû@ðq×½D³çÉC{¤ÅæègÞ¬æzÂfÌJ­|CgÉ
Â¢Äq×½D{ÍÍCÈºÌæ¤ÉÜÆßçêéD
1jî{fÍ¬ofCÀö­UÊèfCìtúEìtÊÏèfCcp
f©ç\¬³êéD¯fÍCúPÊÌCÛf[^ðpµÄ»ê¼êÌObhZÅ¬o
ÊCö­UÊÆÆàÉcÌìtÊÏCæÊðvZ·éàÌÅ éD
2jObhZPÊÅ®·écÌæEpð\»·éî{fÉÎµCJ­·é¬æz
ÂfÍú{Ìæ¤ÈxÉJ­³ê½Íì¬æÖÌKpðÚIÆµCObhZð×ªéL
æÌzÂC·Èí¿r^pCæEzªEÒ³Æ¢Á½zÂßöÌfJ­ðs¤àÌ
Å éD
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t^Fîö­UÊÌvZ
îö­UÊ ET0imm/djZoÌ½ßÌÊÍCAllen et al.i1998jÉîÃ«CÈº©çZo·éD
∆ =
4098 × 0.6108 exp (17.27Ta/(Ta + 237.3))
(Ta + 237.3)2 (2.23)
γ = 0.065 × 10−3Patm (2.24)
Patm = 101.3
(
293 − 0.0065z
293
)5.26
(2.25)
ea =
e0(Tn)(Hn/100) + e0(Tx)(Hx/100)
2
(2.26)
es =
e0(Tx) + e0(Tn)
2
(2.27)
±±ÅCPÍåC³ikPajCzÍWmCHxÍÅ¼xi%jCHnÍÅá¼xi%jCTxÍÅC·i ◦CjCTn
ÍÅáC·i ◦CjÅ éDC· T É¨¯éOaöC³ikPajÍ e0(T ) = 0.6108 exp ((17.27T )/(T + 237.3))
Éæè¾çêéD
Ü½C³¡úËÊ Rn ÍÈºÌ®©çZo·éD
Rn = Rns − Rnl (2.28)
Rns = (1 − α)Rs (2.29)
Rnl = σ
(
T K4n + T K4x
2
) (
0.34 − 0.14√ea
)
(1.35Rs/Rs0 − 0.35) (2.30)
±±ÅCRns ÍZgúËÊiMJ/m2/djCRnl Í·gúËÊiMJ/m2/djCαÍAxhi= 0.23jCRs ÍS
VúËÊiMJ/m2/djCRs0 Íõ°ÌSVúËÊiMJ/m2/djCT Kn ÍÅáC·iKjCT Kx ÍÅC·
iKjCσÍ Stefan-Boltzmannèi= 4.903 × 10−9iMJ/K4/m2/djjÅ éD
³¡úËÊZoÌ½ßÌÊÍCelÍÈºÌ®ÅZo·éD
Rs0 =
(
0.75 + 2 × 10−5z
)
Ra (2.31)
Rs = 0.16
√
Tx − TnRa (2.32)
Ra =
24 × 60
π
0.082d0d
(ω sin φ sinσ + cos φ cosσ sinω) (2.33)
d0
d = 1 + 0.033 cos
(
2π
365 D
)
(2.34)
δ = 0.409 sin
(
2π
365 D − 1.39
)
(2.35)
ω = arccos (− tan φ tan δ) (2.36)
±±ÅCRa ÍåCã[Ì½ÊúËÊiú½ÏjiMJ/m2/djCdÆ d0ÍnE¾zÔÌ£Æ»Ì½Ï
lCωÍpiradjCφÍÜxiradjCδÍ¾zÌÔÜiradjCDÍ 1 1ú©çÌúÅ éD
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æ 3Í
LæcóònæÌpzªEÇf
ÌÀÉæé¬æzÂÌf»
3.1 Í¶ßÉ
{ÍÅÍC_ÆpÌÁ«ðl¶µ½r^pÆCóòcnæÉ¨¯éæCpzªCÒ³Ì
zÂßöð\·upzªEÇfvÌJ­è@ð¦·D¢ÅCpzªEÇfðî{
fÉµ½¬æzÂfðñÄ·éD³çÉCcóòìz¬æÉñÄµ½fðKpµÄ»
ÌKp«ðØ·éÆÆàÉCLæÌcpª¬æzÂÉ^¦ée¿ÉÂ¢ÄèÊIÉl@·éD
{ÍÅ¦µ½vZÌÔPÊ dtÍî{IÉúPÊÆ·éDÜ½CfÌSÄÌÏÍÔCóÔ
Ì³ðÂªC3.2.1ßÈOÅÍ»êçÌ³Í\¦µÈ¢D
3.2 pzªEÇfÌ\¢
¬æzÂfÌSÌ¨æÑ{ÍÅJ­·épzªEÇfÌ\¬vfÅ ér¨æÑ
LæÌcóònæð Fig.3.1É¦·D¯}Ìrª éObhZÅÍC{ÍÅÚq·ér
ÇfÉæèúPÊÅú¬ÊyÑ¯ÊðZo·éDÜ½Cæ{Ýª éObhZÅÌÍì©
çÌÀæÊâCLæcÖÌpzªÊðpzªfÉæèè·éD
3.2.1 r©çÌú¬ÊÌèû@
rÇfÍCrÌpÚIÉ¶Äú¬ÊðèµC¬æzÂfÅvZ³êé
r¬üÊÆú¬Ê©çrÌûx©çÊðúPÊÅZè·éfÅ éixìEgcçC
2011j[84]D
¯fÅÍCr¬üÊ Qrin(t)im3/dtjÆÈºÌèÉæèZè·érú¬Ê Qrout(t)im3/dtj
ðrÌûx®i3.1jÉãüµCúÌ_Ê Vr(t)im3jðZè·éD
Vr(t) = Vr(t − 1) + Qrin(t) − Qrout(t) (3.1)
±±ÅCtÍvZúCVr(t − 1)ÍOúÌÊim3jCè·érú¬Ê Qrout(t)im3/dtjÍCú
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River Flow
Unsaturated Zone
Saturated Zone
Root Zone
Irrigation Canal
Diversion Weir
Reservoir
Snowfall/Snowmelt
Irrigated Paddies
Water Allocation
Fig.3.1pzªEÇfð\¬·évfÆfÌTO}
¬Ê Qru(t)im3/dtjCú¬Ê Qspill(t)im3/dtjCÛ¬Ê Qrf(t)im3/dtjÌaÅ éD
Qrout(t) = Qru(t) + Qspill(t) + Qrf(t) (3.2)
3.2.1.1 ú¬Ê
ú¬Ê Qru(t)im3/dtjÍCóòpú¬Ê Qri(t)im3/dtjCsspú¬Ê Qrd(t)im3/dtjC­d
ú¬Ê Qrp(t)im3/dtj©ç\¬³êéDÈºCú¬Êð\¬·éeú¬ÊÌè@ðq×éD
Qru(t) = Qri(t) + Qrd(t) + Qrp(t) (3.3)
óòpú¬Ê
ú{ÌróònæÉ¨¯éóòpú¬ÍCæÊÉèßéÍì©¬Ìªå«¢næª½¢D
±êÍCyÊÏÉèßé½ìª·­rÆæn_ª£êÄ¨èC±ÌÔÌ¬æÊÏªrÌÊÏ
ÆärµÄå«¢±ÆC³~Jp±úÔÉ¨¢ÄàärIÀèµ½îê¬ÊªúÒÅ«é±ÆÉæÁÄ¢
éD»Ì½ßCóòpÌú¬ÊÍæn_ÌÍì¬Êðl¶µ½æðmÛ·é½ßÌú¬Å èCOú
Ìrº¬¬oÊ Qrsf(t − 1)im3/dtjÆCóònæÌKvæÊÌ·ðâ·éD±±ÅCQrsf(t − 1)
ÍCú¬ÌÎÛÅ én_É¨¯éOúÌÍ¹Ì¬Ê Qcin(t − 1)Ærú¬Ê Qrout(t − 1)©ç®É
æèßéD
Qrsf(t − 1) = Qcin(t − 1) − Qrout(t − 1) (3.4)
±±ÅCKvæÊðæ{ÝÌ{ÝeÊ Qwrim3/dtjÆ¨­ÆCKvóòú¬Ê Qri(t)im3/dtjÍC
Qwr > Qrsf(t − 1)ÌC®i3.5jÅ\¹éD
Qri(t) = Qwr − Qrsf(t − 1) (3.5)
È¨CQwr < Qrsf(t − 1)ÌÍÍìÌ©¬ÊÌÝÅæª[ªoéóµÅ èC±ÌêÉÍ Qri(t)Í
¶¶È¢D
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sspú¬Ê
sspú¬ÊÍv¿É¨¯évæÊÆ·éD
­dú¬Ê
­dú¬ÍúÉ©©íç¸OúÌÊ Vr(t − 1)im3jÉ¶Äú¬·é±ÆÆµCÅå­dú¬Ê
Qrpmaxim3/dtjCíÊÆÅáÊÉ¨¯éÊÌ·Å éLøÊ Vrmaxim3j©ç®i3.6jÅ
ßéDÈ¨CÅáÊÉ¨¯éÊ Vr(t)ð 0Æ·éD
Qrp(t) = Qrpmax Vr(t − 1)Vrmax(t) (3.6)
3.2.1.2 ú¬Ê
ú¬Ê Qspill(t)ÍCOúÌÊ Vr(t − 1)Æ_¬üÊ Qrin(t)im3jÌaª Vrmax ð´¦éêÉ
­¶µC®i3.7j©çßéD
Qspill(t) = Qrin(t) + Vr(t − 1) − Vrmaxdt (3.7)
±±ÅCQrin(t)Íã¬ObhZ©çÌvZ¬üÊ Qcin m3/dtjÆ·éD
3.2.2 LæóònæÉ¨¯épzªßöÌf»
pzªfÍæn_ÅÌæÊ Qi m3/dtjÆÆàÉCóònæàÌcÊðè·é
fÅ éDèµ½ÀæÊÍÎÛÆÈéuóònævi3.2.2.1Åãq·éû@Åì¬jàÅzª·é
ªCfÌÍ¹¨æÑÎÊÌ¬oßöÆÍÆ§µÄµ¤Dî{ficpfjÅÍO
bhZÅ®·écpðµÁÄ¢½½ßCcÖÌÀæÊÆÊÍ¯¶ObhÅ­¶
·éÊÅ Á½DêûÌpzªEÇfÅÍCæn_ÅZè·éÀæÊ Qi ÆóònæàÌ
cÊ Qaim3/dtjÍÙÈén_Å¶¶é±ÆÉÓµ½¢D
óònæÌpzªßöÌf»ÉKvÈ_Æp{ÝâóònæÉÖ·éf[^ÆµÄCú{
y}Óiú{y¤CQÆ 2010.5.13j[77] ðp·éDú{y}ÓÍCSÌ_Æp{Ý
ÌÊuCKÍCprÆCynüÇæÌóvnâcÞæÌÊuEÊÏCÞæxÅÌóòr{ÝÌ
®õóµªo^³ê½ GISf[^x[XÅ éDµ©µC_Æp{ÝÌ_EüîñÆCóòóvn
æÌÊîñð¼ÚÖAt¯é®«ª³¢½ßCpzªßöÌf»Ì½ßÉÍC»ÝÌÀçê½îñ
©çæµ½ðzª·épnâ»ÌASYðÆ©Éì¬·éKvª éD
±±ÅÍLæóònæÉ¨¯épzªf\zÌ½ßÉKvÈC_Æp{Ý¨æÑynüÇæ
óvnÌóÔîñðp¢Äæ{ÝÆ»êçÌóvnð\·pnð­¶³¹éû@ÆCepnÅ
ÌæÊÌèÆnæàÌpzªÌßöðf»·éû@ðÉq×éD
3.2.2.1 {Ýf[^x[Xðp¢½pnÌo
Ü¸Cú{y}Ó©çC100haÈãÌóvnðL·é_Ì{ÝCgr@êCªñHð\·
uî²{Ýi{ÝjvC¨æÑ 100haÈãÌóvnðL·éprHð\·uî²{ÝiHjvð
o·éDf[^x[XãÌe{ÝÉÍî²{Ýð\·®«lÆµÄunvª^¦çêÄ¨
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èC¯êÌunvðÂ{ÝðIð·é±ÆÅCÍìÉÚ±·éæ{ÝðN_Æ·éêAÌ
{ÝQðO[v»·éD
ÉCe{ÝQÉ¨¢ÄÍì©çæ³ê½pÌzªðf»·é½ßÉC{ÝQÆ»Ì
óvnðÖAt¯éD½¾µCo³ê½{ÝQÍ{ÝÌóÔIÈzuð¦·ÌÝÅC»ÌóvÍÍ
ð¼ÚIÉÖAt¯é®«lðLµÄ¢È¢D»±ÅCynüÇæÌóvnÍPêÌ{ÝQ©çp
ðó¯éàÌÆ¼èµC{ÝQÆynüÇæÌóvnÌóÔIÈdÈè©ç¼ÒðÖWt¯éD
±ÌÆ«CynüÇæÌóvnÉ¡ÌnªÜÜê½êÉÍCóvnÌObhZÆdÈé
ªÅàå«¢{ÝQð»Ìp¹ÆµÄIð·éD±Ìû@Éæè{ÝQÆÖAt¯çê½
óvnð\·ObhZQðCfãÅÌuóònævÆè`·éD
3.2.2.2 æÊÌèÆpzªßöÌf»
pzªEÇfÅÌóònæÖÌÀæÊ Qi m3/dtjÍnæàÌepÊ Qgwim3/dtjÌaÉ
îÃ¢Äè·éDè·éÀæÊÍCî{fÌcpfÆ¯lCæ·éObhZ
ÅÌÍì¬Ê Qchim3/dtj¨ æÑóò{ÝÌ{ÝeÊ Qif m3/dtjð§ÀvöÆ·éD·Èí¿CQchi
m3/dtjCQif m3/dtjCQgwim3/dtjÆÌå¬ÖW©ç®i3.8jÉæèZè·éD
Qi = min
(
Qgw, Qch, Qif
)
(3.8)
æµ½pðzª·éóònæÍC»ÌxzÊÏª¡ÌObhZÉ×éàÌÆCÐÆÂÌO
bhZÅ®·éàÌÆÉª¯çêéD
OÒÅÍCóònæàÌð©çÈºÌèÉæÁÄèßçê½zÉ]ÁÄCÀæÊ Qi
ðcÉzª·éD
1jæn_©çÌ£ªZ¢ObhZ©çÉs¢C»Ì£ª¯¶ObhZÔÅÍ²üp
Hª¶Ý·éObhZðDæ·éD
2jæn_©ç¯£Å²üpHª¶ÝµÈ¢êÉÍCWª¢ObhZ©çzð
s¤D
ãqÌzªÉ¥èCcX[ªÇÊðºñÁ½ObhZÉÎµÄóònæÉ®·ée
ObhZàÌcÖÌpðs¤DObhZÖÌzªÊÍepÊ Qgwim3/dtjÉîÃ¢Ä
èµCÞêPÊpÊ Dfimm/dtjCìt¯ÌóòcÊÏ Aia m2jCóòø¦ Ie ©ç®Éæè
ßéD
Qgw =
QrqAir
1, 000 × Ie
(3.9)
½¾µC±±ÅÍnæàÅÌ½pðl¶µÈ¢½ßCeObhZÖÌzªÊ Qgw Ìaªóò
næÌÀæÊ Qi ð´¦éêª éD»ÌêÉÍCzªºÊÌObhZÖÌzÍsí
È¢D
ObhZÖÌzªÊ Qgw ÍCcÊ Qaim3/dtji = QrqAir/1, 000jÆC¹¸Ê Qdr
im3/dtji = Qgw − QajÉñª³êéiFig.3.2jDcnÑÖ³êépÌ¤¿Cö­UÈOÉ
·éÊÌå¼Í 1úöxÅrHÉ¬o·é±Æi²¡çC1998j[54] ©çC¹¸Ê Qdr ÍeO
bhZÌÍ¹ÉúÌ¡¬üÊÆµÄ^¦éDÜ½CeObhZÖÌzªÊ Qgw ÌaªÀæ
æ 3Í LæcóònæÌpzªEÇfÌÀÉæé¬æzÂÌf» 18
Precipitation p
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to Paddies Q
a
Paddies
ET Infiltration Surface Runoff River Flow
Water Loss 
during Allocation Q
dr
Allocated Water  
to Grid-cell Q
gw
Water Intake Q
i
Fig.3.2óònæàÅÌpzªßöÆÍ¹ÖÌ¬o¬ªÌÖW
Ê Qi ðºñÁ½êC»Ì·ªÍ¹¸Ê Qdr ÆµÄóònæÌSObhZÉÏÉzªµC
¯lÉúÌÍìÌ¡¬üÊÆ·éD
¼ûCãÒÌóònæªÐÆÂÌObhZàÅ®·énæÅÍCî{ficpf
jÆ¯lÉCÍ¹¬Ê QchCæ{ÝeÊ QifCepÊ Qgw ðärµÄC»ÌÅà¬³¢àÌðc
Ê Qa Æ·éDÜ½CObhZÉóòcª¶Ý·éàÌÌCfãÅæ{ÝÌîñªÈ
¢êÉÍCÍ¹¬Ê QchCepÊ Qgw ðärµÄC¬³¢ûðcÊ Qa Æ·éD
3.3 ÎÛ¬æÌTv
3.3.1 ¬æÌn`En¿ÆCó
ÎÛÆµ½Öì¬æÍCV§ì¼¨æÑ·ì§ÉÊu·é¬æÊÏ 1, 140km2CÍì· 64kmÌ
êÍìÅ éD¬æÌynpÍCRÑ´ìªñ 79%Ccâ¨nÌ_nªñ 17%CînsXn
ªñ 4%Å éDÖìÍ­RiW 2,454mjÉã\³êé­ÎRQð¹É¿CîãìCÊìC
ÑcìCÛqìð¬µÄú{CÉ®iFigs.3.3C3.4jDVæOIwÉæè\¬³êéã¬ÍL
ÌnènÆµÄmçêCº¬Ìc½ìÉÍÖìÆexìÌÍÏìpÉæè«Ïwª`ìçêC¼Ì
R[tßÉÍ»IwðåÆ·éiun`ª­BµÄ¢éD
Ü½C¬æÍCóÑÆµÄÍú{C^CóÉ®µCN~ÊÍ 3,000mmð´¦éªC»Ì¨æ»¼
ªª~Ìkk¼ÌGßÉæèà½ç³êé~áÊÅ éD
3.3.2 ¬æàÌ{ÝÆ_Æp
ÖìnÌº¬c½ìÉÍCÃ­©ç»ê¼êÁ¥Ì épHªñ©êCcÌóòÊÏÍñ
9,000ha ÉyÔDã\IÈàÌÆµÄÖì©çEÝæ·éã]pióòÊÏñ 2,000hajC]p
i¯ñ 3,000hajª éiFig.3.4jDã]pÍÖìªRn©çîónÉoén_ÅC]pÍ»Ìñ
3km º¬ÅæªsíêÄ¢½Dº¬ÉÊu·é]pª¹ÌÐÆÂÅ éìKÎióòpÊ
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Fig.3.3Öì¬æÌObhZªÆ¶ECÛf[^Ïªn_
9.8 × 106m3jÌÇ ðL·éÆ¢¤µsÉæèCpðÁÄÌãº¬ÌÎ§ª©çê½ªiVòC
1962j[58]C»ÝÅÍCùô_iLøÊ 9.2 × 106m3CFig.3.6jÉæèÖì{ìÌ¬Êª­
³ê½±ÆÉÁ¦C¼pÍÂqªñHiFig.3.7jÉû³êCÂq­dÅ­dÉp³ê½ú¬ð
ªzµÄ¢é±Æ©çCärIÀèµ½æªsíêÄ¢éD±êçÌ¼CÂqªñHÌº¬É éÖì
ªñHÅ¶Ýæ·éî×]pióòÊÏñ 600hajCÛqìÌæ·éåfpi¯ñ 1,600hajª
åvÈàÌÆµÄ °çêéiFig.3.4jD
Ü½C³P_iLøÊ 4 × 106m3jÌÍº¬ssÖÌ¹ÆµÄ³êÄ¢éD
3.3.3 KvÈüÍf[^ÌûWÆ
ªz^zÂfðKp·é¬æªÉÍylîñWnæbVÌnÌ 3bVðp¢
½D¯bVÌå«³Íox· 45bCÜx· 30bÅ èCú{ÌÉ¨¢ÄÍñ 1kmlûÌÌ
æÉ·éDebVÉÍylîñÌ 50mbVW©çß½½ÏWð^¦Cynp
ÍylîñCú{y}ÓÌÞæf[^©çÇÝæÁ½D
È¨Cn\¬ÌObhZÔÌÚ®ðÉÈ¤Í¹ÔÌ­¶ÉÍObhZ²ÆÌ½ÏWðp¢Ä
üÍÌÅ}ùzûüð¬ºûüÆ·éû@ðKpµ½D½¾µCóò{ÝÌÊuÆÍ¹ÌÊuðêv³¹
é½ßC{ì¨æÑ{ìÉÚ±·éxìª éObhZÅÍC»ÌObhZÌÍ¹Ì¬ºûüð
ylîñÌÍ¹ÔÉæè^¦½D
~ÊÍCFig.3.3É¦·CÛ¡A_XCyðÊÈÍìÇChÐÈwZp¤áXhÐ¤Z
^[­ùôn_Ìú~ÊÌúf[^ðûWµ½DCÓObhZ xÅÌ~Ê p(x)imm/djð
æ 3Í LæcóònæÌpzªEÇfÌÀÉæé¬æzÂÌf» 20
0 5 10 km
Sea of Japan Hokura R.
Seki R. Itakura DW
Flow Gauge
(Takada)
Sekikawa DW
Kenshoji DW
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Fig.3.4Öìº¬æÉ¨¯éåv{ÝÆynüÇæÌóvnÌÖW
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 (Takada)
Fig.3.5Öìº¬æÉ¨¯éóònæÆ{ÝQÌÖW
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Fig.3.6ùô_
Fig.3.7ÂqªñH
è·é½ßÉCÜ¸CObhZ xÌdS©çÌ£ªZ¢É 3ÂÌÏª_ðIðµCÏª_ i
i = 1, 2, 3jÌ~Ê po(i)imm/djÆ¯n_ÌbVCól 2000Ì~Ê pm(i)imm/djÌä r(i)ð®
i3.10jÉæèvZµ½DbVCól 2000Í 1971`2000NÌÏªf[^ÆÜxEoxEWEùz
ÈÇÌn`öqÆÌvIÖWðp¢Äì¬³ê½CólÅC²ÆÉCólÌóÔIªzð\·iCÛ
¡ÏªC2003j[45]D
r(i) = po(i)/pm(i) (3.10)
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ÉC3n_Ìä r(i)ðt£Ád@i®i3.11jjÉæèObhZ xÉà}µ½D
r(x) =
3∑
i=1
w(i)r(i)∑3
j=1 w( j)
(3.11)
w(i) = 1d(x, i)2 (3.12)
±±ÅCd(x, i)ÍObhZ xÌdSÆÏª_ iÌ£Å éDÅãÉCCÓÌObhZ xÅ¾ç
ê½ä r(x)Æ¯n_ÅÌbVCól 2000Ì~Ê pm(x)ðæ¶ÄCú~Ê p(x)ðèµ½DÈ
¨CYObhZªßTÌ 3Ïª_ð¸_Æ·éOp`ÌO¤ÉÊu·éêÉÂ¢ÄàC¯lÌâ
Ô@Éæèèµ½D³çÉCÎÛ¬æÅÍÏáEZáª¬oÁ«Éå«­e¿·é½ßCMûx@Éî
Ã¢½ÏáEZáfi4ÍÅÚqjðeObhZÉgÝÝCZèµ½úZáÊð~JÊÆ¤É
ObhZÖÌüÍlÆµÄ^¦½DÜ½C»Ì¼ö­UÊèÉKvÈvfiC·iú½ÏCÅC
ÅájCú½Ï¬CúÆÔjðûWµCeObhZÉßT 3n_ÌÏªf[^Ìà}lð^¦½D
¼ûCyðÊÈÇÌÖì¬æcn_Cñqn_iFig.3.3jÌú¬Êf[^ðüè·éD³çÉC
åÎçi1984j[37] Ìû@Éæèèµ½Àö­UÊðp¢Ä 2002N©ç 2007NÜÅÌcn_ÅÌ¬
æûxðZoµC¬æÖÌüÍÆoÍªµ­Èéæ¤~ÊÌxâ³ðsÁ½D
¯ÉC®i2.16jÅ¾çêé¬æ©çÌÀö­UÊªCåÎçi1984j[37] Ìû@ÉæélÆêv·é
æ¤ÉCeynpÌªQæ¯ÊÌÅål S rmax ðXÑC¨nCcÌlð»ê¼ê 600C300C150mm
ÆÝèµ½D±ÌÆ«CeynpÌ S rmax Ìå¬ÖWÍCJûEgcçi2009j[67] Å¦³ê½àÌðQ
lÆµ½D
pzªEÇfÌÖì¬æÖÌKpÉ½èCæ 2ÍÅq×½û@ðSÄÌóò{Ý¨æÑyn
üÇæÉKpµCå¬ 16Ìóònæðoµ½DFig.3.5ÉCÂqCÖìC°¹eªñHðN_Æ·é
3ÂÌåvÈóònæÆC»êçð\¬·é{ÝQð¦·D
ùô_©çÌóòú¬ÊèÉÍÂqªñHn_ÌÍ¹¬Êðp¢½DÜ½C¯_ÌÅå­dú
¬ÊÍùô_ÇKöiV§C1985j[75] Éæè 3.28m3/sCÛ¬ÊÍ 0m3/sÆµ½D¼ûCìK
Î©çÌóòú¬Íùô_Æ¯¶­åÉÂqªñHn_ÌæðmÛ·é½ßÉsíêéªC»sÌ
fãÌÇû®ÅÍ 1n_ÌùvÉÎµÄ 2J©çÌú¬ðzªÅ«È¢ÌÅCÂqªñHÌº
¬É éÖìªñHn_ÌùvÉÎµÄú¬ðs¤±ÆÆµ½D
È¨CcKÌÂÌ³ÍcÊ©ç 30mmCcZ§ÊÍcy«Cú²ÆÌú¸[ÌÏªl
ik¤_­ÇÖì_ÆÆC1984j[82] Æö­UÊðQlÉ 5mm/dÆµCX[ª 5mmÉ½È¢
êÉÍ»ÌX[SÄªZ§·éàÌÆ·éDÈ¨CA¦t¯ÍcÖÌÊªpvæãÌã©«
pÊ 120mmð´¦½ÉJn³êéÆµC¶çúÔÍ 100úÆµ½D
3.4 ÊÆl@
3.4.1 Íì¬Êðp¢½fÌØ
pzªEÇfðÀµ½ªz^zÂfÉæè 1976N©ç 2007NÜÅÌúPÊÅÌA±
vZðs¢C{ìãÌÊÏª_É¨¢ÄØµ½DÖì{ìcn_i¬æÊÏ 703km2CFig.3.3jÌn
ChOtÌêð Fig.3.8É¦·D2003`2007NÌÏª¬ÊÉÎ·évZ¬ÊÌÎë·Í 27.0%C
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Fig.3.9pzªfÌL³ÉæévZ¬ÊÌÏ»iñqn_C2006N 5`9j
JC 2 æë·Í 7.2m3/s Å Á½DSÄÌNÌnChOtÍ{ÍÌt^iFig.3.16`Fig.3.20jÉ
¦·D
ÉCÂqªñH©ç 4kmÙÇº¬ÉÊuµÄ¢éñqn_i¬æÊÏ 397km2C Fig.3.3jÉ¨¯
éÏª¬Êðp¢ÄCÂqªñHn_É¨¯éÀæÊÉÎ·éØðsÁ½DFig.3.9ÍC2006N 5
©ç 9 ã{ÌÏª¬Ê¨æÑÂqªñHÌæðl¶µ½êÆµÈ©Á½êÌvZú¬Êð\·
i¼ÌNÍ{Ít^ Fig.3.21`Fig.3.26jDæðl¶µÈ©Á½êCÀª¬ÊæèàvZ¬ÊªßåÉ
ÈéÌÉÎµCæðl¶·é±ÆÅvZ¬ÊªÀª¬ÊÉßÃ­DÂqªñHÌæÊÌÀªlÍüè
Å«Ä¢È¢ªC±êçÌÊÍpzªfÉæéæÊèÌÃ«ðÔÚIÉ¦µÄ¢é±ÆÉ
ÈéD
3.4.2 r^pfÌgÝÝÉæé¬µÌÏ»
ùô_Ì¬üÊ¨æÑú¬ÊÍC_ÇNñÉæè»ÌÀªlªö\³êÄ¢éD½¾µC±ê
çÌÀªlÅÍrÌûxð«µÈ¢½ßCf[^Ì¸xªá¢Æ»fµC±±ÅÍÊÌvZ
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Fig.3.10ùô_ÊÌvZlEÀªlÌäri2002`2003Nj
lÆÀªlðärµ½iFig.3.10jD
ÊÌÀªlªüèÅ«½ 2002N¨æÑ 2003NÉ¨¯éùô_ÌÊÌvZlÍC3º{
©ç 4{É©¯ÄÌZáoÉæèÁµnßCãÍóòpÌ^pJnúÅ é 6 1úÜÅ
å«ÈÏ»ÍÝçêÈ¢DÊÍ 7{ÜÅÍÙÚÊÉÛ½êÄ¢éªCú¬ÊÌÁÉÆàÈ
¢ 8Éå«­¸­µC9ÌóòI¹ÆÆàÉÉâ©Éñ·éD½¾µCóòúÈOÌÊÅÍv
ZlÆÀªlÉ·Ùª©çêéD3.2.1Åq×½æ¤ÉC±±ÅÌ­dú¬ÊÍvZ¯ÊÉ¶Äú
Éæç¸èµÄ¢é±Æ©çCÄ»«ðßéÉÍùô_ÇKèiV§C1985jðQÆµÄ
úÊÌ­dú¬ÊCãÀÇÊðfÉgÝÞKvª é.
ÉCùô_Æ»Ìóòú¬ÌÎÛn_Å éÂqªñHn_ÌÖWÉÚµCr^pf
ÌeíèÊð¦·D2005N 4`10É¨¯éùô_Ì¬üÊEú¬ÊÌvZliFig.3.11ãij
¨æÑCr^pfÌL³ÉæéÂqªñHn_ÌvZ¬ÊÌÏ»Æ¯ªñHÌÅå{ÝeÊð¦
·i¯}ºijDr^pfª³¢êÌvZ¬ÊÍC7{C8º{©ç 9ã{É¨¢ÄÅ
å{ÝeÊðºñé±Æª éªCr^pf±üÉæèC¯úÉ¨¢ÄàvZ¬ÊÍÅå{Ý
eÊÈãÉÛ½êÄ¢é±Æª©ÄæêC{fÉæèóònæÖÌâIÈóòª\»Å«Ä¢é±
ÆªmFÅ«éD
3.4.3 pzªEÇfÉæé_nzÂÌè
óònæàÉæèÜê½pªnæàÌcÔÅzª³êC»ÌêªÍìÖÄÑ¬ü·ézÂßö
ðCÂqªñH©çæ·éóònæÉ¨¯éùÌèlðáÉµÄ¦·DFig.3.12ÌãiÉÍ¯ó
ònæÖÌÊÅ é~Ê¨æÑæ{Ý©çóònæÖÌÀæÊC¯}iÉÍnæ½ÏÌc
X[C³çÉºiÉÍcÖÌóòÊð»ê¼êPÊÊÏ ½èÌÊÆµÄ\µÄ¢éD
ÂqªñH©çæ·éóònæÅÍKvÊðÀèIÉæµÄ¨èiFig.3.11jC±êÍnæ½ÏÅ
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Fig.3.11ùô_Ì¬üÊEú¬ÊÌvZlÆr^pfÌL³ÉæéÂqªñHn_ÌvZ¬
ÊÌÏ»i2005Nj
Í 22mm/dÉ·éiFig.3.12ãijD¯óònæÍJHnæióòø¦ Ie = 0.6jÅ é½ßC¯n
æÌÀæÊ 22mmÉÎµÄnæ½ÏÌcÖÌÊÍCã©«úð¢Äñ 12mm/dðãÀÆ
µÄÚ·éi¯}ºijDÜ½CcX[Ìnæ½ÏÍÝèµ½ÇÊÅ é 20mmOãÉÛ½ê
Ä¢éi¯}ijD
¼ûC~JÉcX[ªÇÊðãñêÎcÖÌÊÍ¸­µC»êÉÎµÄ¹¸
ÊªÁ·éDÜ½C8º{ÉÍÀæÊÌå¼ª³øú¬ÆÈéªC±êÍûnðJnµ½c
ObhZÖÌóòªfãÅâ~³êé½ßÅ éD
3.4.4 Læcóònæ©çÌÍìÒ³¦Ìè
¬æzÂfðpµCLæÌcóònæÌæEÒ³ÆÍìÌ¬µÆÌÖWð]¿·éD±±
ÅCÍìÒ³ÊÍóònæÌÀæÊ Qi Ì¤¿\Ê¬ÆµÄÍ¹ÖÄ¬ü·éÊCÍìÒ³¦ Fr Í Qi
ÉÎ·éÍìÒ³ÊÌÆè`·éDÈ¨CÍìÒ³¦ÍóòvæÅp¢çêéÒ³¦icZ§Ê
ÉÎ·éßTÌÍìÖÌ¬oÊÌjÆæÊµÄp¢éD
Ü¸Cóònæ©çª¬o·én_iÒ³n_jÆóònæO©ç¬ü·én_i¬ün_jðÁè
µ½DFig.3.13ÉÂqªñH©çpðó¯éóònæiÈºÂqnæjÉ¨¯é¬ü¨æÑÒ³n
_ð¦·DÁèµ½¬üEÒ³n_ðp¢C tÉ¨¯éóònæ©çÌ¬oÊ Qnet(t)ðCÒ³n_
©çÌ¬oÊ Qret(t)Æ¬ün_©çÌ¬üÊ Qinf(t)iwãn©çÌ¬üÊjÌ·ÆµÄ®i3.13j©
çZoµ½D
Qnet(t) = Qret(t) − Qinf(t) (3.13)
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Fig.3.12ÂqªñH©çæ·éóònæÉ¨¯é_nzÂð\¬·éÊÌè
Qret(t) =
Nr∑
i=1
Qch(i, t) (3.14)
Qinf(t) =
Ni∑
i=1
Qch(i, t) (3.15)
±±Å Qch(i, t)ÍObhZ iC t É¨¯éÍ¹¬ÊCNrCNi Í»ê¼êÒ³n_C¬ün_
Å éD
óònæ©çÌ¬oÊ Qnet ÍCÍì©çÌæÍs¤ªCc©çÌ\Ê¬o¨æÑ¹¸Ê
Qdr ðfãÅ[É·é¼zIÈðÅÌvZ©ç¦·±ÆªÅ«éDFig.3.14ÍC±ÌvZÉæè
¦µ½cn_É¨¯éÍìÒ³ÊÌ¬µÖÌe¿ð\µCQnet Í¯}ÌÀüÆ_üÌ·ÆµÄ\³ê
éiSÄÌNÌÊÍ{Ít^ Fig.3.27`Fig.3.32ÉfÚjD¯n_ÅÌÏª¬ÊÆÌär©çCÍìÖÌ
Ò³ßöÌ\»ÉæèCÁÉáÌ¬oð¢¸xÅÄ»·é±ÆªmFÅ«½D½¾µCQnet ÉÍó
òÉNö·é¾¯ÅÈ­C~ÉNö·éàÜÜêÄ¢é±ÆÉÓ·éKvª éD
»±ÅÉCóònæ©çÌ¬oÊ Qnet(t)ÉÜÜêé~JEóòÌ¤¿CóòÉNö·é¬ªð
ª£µ½D~JEóòÌ¬x¢ÍC~JÌÔuâ¬ooH²ÆÉÙÈéØ¯ÔÉæÁÄZúIÉ
Ï»µC»Ìª£ÍeÕÅÈ¢D»Ì½ßCÍìÒ³¦ÌZèúÔðóòúSÌi4 25ú`9 10új
ÆµC~JEóòÌ¬xÌZúIÈÏ®ð½Ï»µÄ]¿µ½D·Èí¿CZèúÔàÉóònæÉ
ü³ê½~JEóòä RRI ð®i3.16jÅ\·ÆCQnet(t)ÌóòÊÌäª RRI Éäá·éàÌÆ
µ½D
RRI =
∑
t
( Qi(t)
Qi(t) + Parea(t)
)
(3.16)
±±ÅCQi(t) Í t É¨¯éóònæÌÀæÊCParea(t) ÍóònæÌ½Ï~ÊÅ éDÅãÉC
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®i3.17jæèóònæÌÍìÒ³¦ðZè·éD
Fr =
∑
t
(Qnet(t)
Qi(t)
)
RRI (3.17)
ãLÌû@ÉæèCÂqnæÅZoµ½ÍìÒ³¦ÌNÏ»ð Fig.3.15CTable 3.1É¦·DÍìÒ³¦
Ì 33N½Ïi1976`2008NjÍ 69.6%ÆÈÁ½DÍìÒ³¦ÌNXÏ®ÉÚ·éÆCóòúÔÌ
~ÊªÅà­È©Á½ 1994NÉÅ¬li0.632jC~ÊªÅåÆÈÁ½ 1985NÉÅåli0.769jÆ
ÈÁ½DÁÉ 1994NÍóòúÔÌ~Êª 246mmÆÉ[É­È­CÀæÊÌ¤¿³øÉú¬³ê
éÊª­È©Á½±Æâóò³ê½Ì½­ªö­UÉæÁÄ¸íêCÍìÒ³¦ª¬³­ÈÁ½Æl¦
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çêéDêûÌ½JNÉÖµÄÍCóòúÔ~ÊªÅåÌ 1985NÅÍìÒ³¦ª¢àÌÌC~Ê
ªärI½­ÄàÍìÒ³¦ª¬³¢NàÝçêéiá¦Î 1998NjD±êÍCÍìÒ³¦ÌZèúÔð
óòúÔSÌÆµÄ¢é½ßÉC~JÌÔIÈÎÝ«ª½Ï»³ê½½ßÆ@Å«éD
3.5 ¬
{ÍÅÍCcóòªìzµ½¬æÉ¨¯érÌú¬Ê¨æÑÍì©çÌæÊÌèCóònæ
àÉ¨¯épÌzªßöðgÝÝC¬æzÂð\»·éfð\zµ½D¾çê½ÊÍÈºÌ
æ¤ÉÜÆßçêéD
1jù¶Ì_Æ{Ýf[^x[X©ç_nÌóÔîñ¨æÑ{Ý³ðoµC¬æzÂf
ÌÍ¹ÔÆæ{ÝðÖAÃ¯éÆÆàÉCæ³ê½pðzª·éóòóvnÌObhZ
ðì¬·éèÆ»Ìè@ðñÄµ½D
2jLæcóònæÌpzªEÇßöð\»·éASYðpzªEÇfÆµÄJ
­µC¬æzÂfÌî²ªÆµÄÀµ½DñÄµ½fÉæèCº¬Ì¬µðl¶µ
½rú¬ÊÌèCÍì©çóònæÖÌæCpzªCÍ¹ÖÌÒ³ÊÌLæzÂð
êÌIÉµ¤±ÆªÅ«éD
3jpzªEÇfðgÝñ¾¬æzÂfÉæévZ¬ÊÍCæEÒ³Ìe¿ð­­
ó¯é¬ÊÏªn_É¨¢ÄCóòúÌá¬Êðæ­\»µ½DÜ½C¬æzÂfÅ\»
·éóònæÌzÂßöÉæèèµ½CÍìÒ³ÊÌ 33N½ÏÍóònæÖÌæÊÉÎµ
Äñ 7Å Á½D
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Table 3.1ÂqnæÉ¨¯éóòúÔÌ~ÊEÀö­UÊimmjÆÍìÒ³¦
Year Precipitation Actual ET River Return Ratio
1976 1038 511 0.705
1977 484 495 0.717
1978 618 533 0.676
1979 964 522 0.684
1980 796 517 0.695
1981 956 503 0.739
1982 483 503 0.684
1983 913 498 0.707
1984 586 484 0.760
1985 1148 467 0.769
1986 638 475 0.739
1987 446 498 0.681
1988 583 485 0.703
1989 608 524 0.674
1990 424 505 0.690
1991 719 500 0.694
1992 497 488 0.705
1993 899 484 0.698
1994 246 534 0.632
1995 937 509 0.707
1996 634 525 0.681
1997 785 505 0.710
1998 966 515 0.683
1999 598 514 0.687
2000 394 482 0.715
2001 704 506 0.698
2002 839 519 0.685
2003 698 525 0.669
2004 716 555 0.666
2005 691 540 0.680
2006 890 508 0.715
2007 744 529 0.674
2008 673 563 0.659
Average 706 510 0.696
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æ 4Í
gnÏá¬æÉ¨¯éÏáEZáfÌ
\zÆ¬æzÂfÖÌ
4.1 Í¶ßÉ
{ÍÅÍCObhZPÊÅÌÏáZá»ÛðúPÊÅÄ»·éfð\zµCæ 3ÍÅ\zµ½
¬æzÂfÉgÝÞD\z·éÏáEZáfÍÎÊûüEùzðl¶µ½ZgúËÊCeú
ËtbNX¨æÑ°MEöMAÊð»ê¼êèµCÃi2001j[59] ÌÈÕMûx@ÉîÃ¢ÄZá
ÊðZè·éàÌÅ éD{ÍÅÍÁÉCCÛEÏá[ÌÏªf[^ª­È¢næÉMûx@ðKp·
éÛÌÛèÅ ép[^ÌLæªzðCq¯æ©çoµ½áüÌîñ©çè·éû@ðñÄ·
éD³çÉC\zµ½fÉæèvZ³êéeObhZÌÏáÊ¨æÑ¬ÊðÏªlÆär
µCÏáEZá»ÛÌÄ»«ðØ·éD
4.2 MûxÉîÃ­ªz^ÏáEZáèfÌ\z
4.2.1 Mûx@ÉæéZáÊÌè
ZáÉgíêéGlM[ QmiW/m2jÍCÏáwÌ·xðã¸³¹éGlM[ð 0 Æ¨¯ÎC®
i4.1jÅ\³êéD
Qm = Rn + H + ιE + Qg + Qr (4.1)
Rn = (1 − α)S ↓ + L↓ − ǫσ(Ts + 273.15)4 (4.2)
±±ÅCRnF³¡úËÊCHCιEF°MCöMAÊiÆàÉÏáÊÉüéü«ð³jiW/m2jCS ↓Fº
ü«ZgúËÊiW/m2jCL↓Fºü«·gúËÊiW/m2jCαFÏáÊÌAxhCǫFÏáÊÌËo¦
i= 0.97jCσFXet@E{c}èi= 5.67 × 10−8iW/im2 K4jjjCTsFÏá\ÊÌ·xi◦CjC
QgFn\Ê©çÌ`±MiW/m2jCQrFJÉæé`BMiW/m2jÅ èC~JÌ·xªC·Æµ¢Æ
µC·Æ~JÊ©çZo·éDÜ½CöM ιÍCÏá\Ê·xª 0 ◦CÅÏá±qÌ\ÊªÅ¢íêÄ
¢éÆ«ÉÍÌC»ÌöMi2.50 × 106iJ/kgjjC0 ◦CÈºÌÉÍXÌ¸ØÌöMi2.83 × 106iJ/kgjj
Å éD
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{fÍgnÏánÑÌZáªìz·éúÌMûxvZðÚIÆ·é½ßCÏáw©ç¸íêé°
M HEöM ιE iX_ºÌÌ°M`BâÏáÊ©çÌö­öMjâZáÌÄÍl¶µÈ¢D»
Ì½ßCÀÛÌMûx Q < 0iQ = Rn + H + ιE + QrjÅ ÁÄàCvZã Rn + Qr > 0ÈçÎíÉZáª
­¶·é±ÆÉÈéD»±ÅCÏáwÅZáª­¶·éC·ÌºÀð −3 ◦CÆµCQ > 0©Âú½ÏC·
ª −3 ◦CÈãÌC®i4.3jÉæèúZáÊ Mimm/djðZè·éiÃC2001j[59]D
M =

Q
ιfρw
× 86, 400 iTa ≥ 0j
Q
ιfρw
Ta + 3
3 × 86, 400 i0 > Ta > −3j
(4.3)
±±ÅCιf ÍXÌZðMi0.33× 106iJ/kgjjCρw ÍÌ§xi1.0× 103ikg/m3jjCTa Íú½ÏC·i◦Cj
Å éD
È¨Cn`±MÉæéúZáÊ Mbimm/djÍCú{Ì½ÏIÈl 0.6`1.2mmi¬ìçC1986j[40] ©
çCZáúÔêèÌ Mb = 1.0Æµ½D
4.2.1.1 n`ðl¶µ½ZgúËÊÌè
ºü«ZgúËÊ S ↓ Íú½ÏSVúËÊ S d ©çè·éD½¾µC¾zxªá¢~GÉÍÎÊÌ
ü«EùzÉæé·ªå«­Èé½ßCìÌ¾zxCÎÊùzEûüÉæÁÄXÎnÌóõÊðâ
³·éD
SVúËÊÌú½Ïl S diW/m2jÍCúÆ¦iúÆÔ^ÂÆÔjÆåCã[½ÊÌú½ÏúË
Ê S 0diW/m2j©ç®i4.4jÉæèè·éiß¡çC1991j[52]D
S d =

(
a
N
N0
+ b
)
S 0d iN > 0j
c S 0d iN = 0j
(4.4)
±±ÅCN ÍúÆÔihjCN0 ÍÂÆÔihjCaCbCcÍúÆvÌWÅ èCAMeDASÅp¢çê
éV^¾zdr®úÆvÅÍCa = 0.244Cb = 0.511Cc = 0.118Å éiß¡çC1991j[52]D
åCã[Ì½ÊÌú½ÏúËÊ S 0diW/m2jÍ®i4.5jCÂÆÔ N0 Í®i4.7jÉæèßéD
S 0d =
I00
π
(
d0
d
)2
(H sin φ sin δ + cos φ cos δ sin H) (4.5)
H = cos−1 (− tan φ tan δ) (4.6)
±±ÅCI00 Í¾zèi= 1, 365iW/m2jjCH ÍúÌo©çìÜÅÌpiradjCφÍÜxiradjCδ
Í¾zÌÔÜiradjCdCd0 Í¾zEnÔÌ£Æ»Ì½ÏlÅ éD
N0 =
2H0
0.2618 (4.7)
±±ÅCH0 Ín½üÜxi= 0.01iradjjðl¶µ½úÌo©çìÜÅÌpÅ éD
ÉCCÓÎÊªóõ·éúËÊ S ↓ ðC½RnÌú½ÏSVúËÊ S d ÆC½ÊÌóõW f0 ÉÎ
·éCÓÎÊÌóõW f ÌäÉæèè·éDóõWÍ¾zÌûüxNgÆÎÊÌ@üxNg
ÌàÏÅi¤çC1998j[96]CìÉÍ®i4.8jÅ^¦çêéDóõWðvZ·éObhZÌ@ü
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Fig.4.1Öì¬æÉ¨¯é 1 1úÌóõWÌªz
xNgÍCYObhZðSÆ·éãº¶E 4JÌObhZW©ç 4ÂÌOp`ðì¬
µC»ê¼êÌOp`Ì@üxNgÌaÆµ½D
f = cos δ cos φ + sin φ sin δ+
tan θ(cos δ cos β sin φ − cos δ cos β cosφ) (4.8)
±±ÅCÎÊùz θi0 < θ < π/2jCÎÊûü βi−π < β < πCìûüð 0C½vûüð³Æ·éjÅ éD
Ü½C f0 Í θ = 0Æ¨¢Ä®i4.9jÆÈéD
f0 = cos δ cos φ + sin φ sin δ (4.9)
ÈãðÜÆßCCÓÎÊªóõ·éú½ÏúËÊÍC®i4.10jÆÈéD
S ↓ = ff0 S d (4.10)
Fig.4.1ÉC1 1úÌ¬æàÌóõWäi f / f0jÌªzð¦·DóõWÌäÍ½ìÅ 1Éß¢l
ðÆèC­RüÓÌìü«ÎÊÅ 1.25ÈãCkü«ÎÊÅ 0.75ÈºÆÈÁÄ¢é±ÆªmFÅ«éD
È¨C~áã núÌÏáÊÌAxh αn ÍC®i4.11jÅß½iRèçC1994j[90]D
αn = αmin + (αn−1 − αmin) exp(−1/k) (4.11)
α0 =

−0.12 Ta + 0.76 (Ta ≥ −1.0)
0.88 (Ta ≤ −1.0)
(4.12)
k =

−4.9 Ta + 4.5 iTa ≤ 0.1j
4.0 iTa ≥ 0.1j
(4.13)
±±ÅCα0 ÍVáÌAxhCαmin ÍAxhÌÅ¬li= 0.4jÅ éD
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4.2.1.2 úÆ¦ðp¢½·gúËûxÌè®
·gúËûx L↓ − ǫσ(Ts + 273.15)4iW/m2jÍCÃi2001j[59] ªñ¦µ½o±®i4.14jÉæèú
Æ¦ N/N0 ©çè·éD±Ì®Íêq¢ikC¹kjCDyC·ªÌ·úÏªf[^Éæè¾çêC¦
âÏánÆgóÏánÌÁ«ðïÜ·éD
L↓ − ǫσ(Ts + 273.15)4 = −53.01 NN0 − 11.08 (4.14)
4.2.1.3 °MEöMAÊÌè
Oqµ½æ¤ÉC{fÍgnÏánÑÌZáªìz·éúÌMûxvZðÚIÆ·é½ßCÏá
w©ç¸íêé°M HEöM ιE iX_ºÌÌ°M`BâÏáÊ©çÌö­öMjâZáÌÄ
Íl¶µÈ¢D·Èí¿C°MAÍÏá\Ê·x Ts = 0 ◦CÌ¼èÌºÅCú½ÏC· 0 ◦CÈãÌ
ÌÝ­¶·éàÌÆ·éDÜ½CöMAÍöCÌÏá\ÊÖÌÃÉæéºü«ÌMAÌÝðl¶
µCú½ÏC· 7 ◦CÈãÅC©Â~JúÉ­¶·éàÌÆ·éD
Ïáw\ÊÖÌ°MAÊ HiW/m2jCöMAÊ ιEiW/m2jÍCoN®i4.15jCi4.16jÅ\³
êéD
H = cpρCh U (Ta − Ts)@ (4.15)
ιE = ιρCe U(q − qs) (4.16)
±±ÅCcpρÍóCÌÌÏMeÊi1C³C20◦CÅ 1.21 × 103J/iK m3jjCChCCe Í°MEöMAÌo
NWCqÍä¼ihPajCqs ÍÏá\ÊÌä¼ihPajCU Íú½Ï¬im/sjÅ éDÜ½C±±Å
Í E ÍÃÊimmjð\·D
½¾µCCÛÏªn_ÈOÌObhZÉ¨¯éú½Ï¬ U ÌèâC»ÌúàÏ»Ì]¿Í¢
ïÅ éD»±ÅCÃi2001j[59] Ìû@ÉîÃ¢Ä®i4.15jCi4.16jÉÜÜêéú½Ï¬ U Æ»
ÌúàÏ»C¨æÑoNW ChCCe ðïµ½p[^ kslimm/iK djjð®i4.17jÆu­D
ksl =
cp ρCh U
ιfρw
× 86, 400 (4.17)
ÏáÊÌoNWÍCÆàÉ 1.5`3 × 10−3 ÌÍÍÉûÜéiß¡C1994j[51] ±Æ©ç Ch = Ce Æ
·éDÜ½Cä¼ q ðCöC³ e ihPajCW©çß½WC³ pihPajðp¢Ä q + 0.622e/p
Æu··éD³çÉCöMAÍú½ÏC· 7 ◦CÈãÅC©Â~JúÌÝvZ·é±Æ©çCöC³
eihPajÍú½ÏC·ÉÎ·éOaöC³CÏá\ÊÌöC³ÍC· 0 ◦C ÉÎ·éOaöC³
ie0 = 6.11hPajÆ·éD
4.2.2 q¯æðp¢½°MEöMAp[^ÌóÔªzÌè
p[^ ksl ÌèÉKvÈZáÊÌnñf[^ÍÊIÉà¿IÉà[ª¾çêÈ¢½ßCksl ÍÏ
á[ÌÏªðsÁÄ¢éCÛÏª_É¨¢ÄÍCÏªÆvZÌÁáúªêv·éæ¤Éè·éiÃC
2001j[59]D¼ûCCÛÏªn_ÈOÅÌ ksl Ìè@ÉÍCCÝ©çÌ£CWCXÎÌûüCÈ¦
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Ìn`öqðà¾ÏCksl ðÚIÏÆµ½dñAªÍª éªiÃC2002j[60]Cà¾ÏÌn`öq
Í¬æ²ÆÉÙÈèCèÉp¢én`öqÆ ksl ÌÖWÍK¸µà¾mÅÍÈ¢D»Ì½ßCp[
^ÌèÉÍ¬æàÌ½­ÌÏªf[^ðKvÆµCÜ½C é¬æÅ¾½dñAWð¼Ì¬æÉKp
Å«È¢±Æ©çCÏªf[^ª[ªÅÈ¢êÉÍ­È¢Ïªf[^Åè¹´éð¾È¢DÀÛÉÖ
ì¬æàÅÏá[f[^ª¾çê½½nÌ AMeDASÏª 3n_ÌÝÅ ksl ðèµC¬æÌÏáEZá
vZðsÁ½Æ±ëCÁÉRÔnÅÏáÊÌvZlÆÏªlÌ·ªå«­ÈÁ½D
»±ÅCæèÄpIÈè@Éæèp[^ÌóÔªzðc¬·é½ßC±±ÅÍq¯æ©çoµ
½áüðp¢½CÓn_Ìp[^ ksl Ìèè@ÉÂ¢Ä¢·éDÜ¸COqµ½ 2006C2007N
ÌMODISÌæ©çáüÆdÈéObhZðoµCæÌBeúð»ÌObhZÅÌÁáú
Æ·éDÉCq¯æ©ç¾çê½ÁáúiÏªÁáújÆfÉæÁÄvZµ½ÁáúivZÁá
újÌ·ÌâÎlðÚIÖÆµCp[^Tõ@ÉæèvZEÏªÌÁáúªêv·éæ¤È ksl ð
Tõ·éDvZÌÁáúÍC·úÏáÉ¨¯éÁáúÌè`iú{áXwïC1990j[78] É]¢CÏáª
30úÈãA±µ½ãÌÁáúÆ·éDÅKÈ ksl ÌTõÉÍåæIp[^Ì©®Tõ@ÌêÂÅ é
SCE-UA@iDuan et al.C1992j[12] ðp¢CÌíðÏ¦Ä 10ñÌvZðsÁ½ÊÌ½ÏlðY
ObhZÉ¨¯é ksl ÌèlÆ·éDÅãÉCßT 3n_Åè³ê½ ksl Ìlðt£Ád@É
æèà}µCCÓÌObhZÉ¨¯é ksl Ìlð¾éD
4.3 ÎÛ¬æÉ¨¯é~G~ÊÌÁ¥
4.3.1 Öì¬æÌTv
V§C·ì§ÉÊu·éÖì¬æÍCW 2,400m ÌÄRð¹É­R[ð¬·é{ìi¬H·
64kmjÉCÛqìi¯ 54kmjðÁ¦½¬æÊÏ 1, 140km2 ©çÈé¬æÅ éiFig.4.2jD¬æÍã¬
Ì}sÈRnÆc½ìâòé½ì©çÈéá½nðLµCynpÍRÑ´ìªñ 79%ÆSÅ
 éªCº¬Ìc½ìCòé½ìÉÍìKÎâùô_ð¹Æ·éóòcªLªèC_nªñ
17%CînÌsXnªñ 4%ðèßéD
Öì¬æÌCóÍú{C^CóÉ®µC3,000mm´ÌN~ÊÌ¨æ»¼ªª~Ìkk¼ÌGßÉ
æèà½ç³êé~áÊÅ èCNCÝð­½ìCRxÉ 1.5`3.0mÌÏáª éDcÌÅå
Ïá[ÍC1927NÉ 372cmC1945NÉÍSÌCÛ¯ÌùÅålÅ é 377cmðL^µ½DÜ½C
1984`1986 NÉÍáNiÅåÏá[Í»ê¼ê 292cmC298cmC324cmjª 3 NÔ±¢½DêûÅC
¬æàÌcCÛ¯iV§ãzsjÌN½ÏC·ª 13.1 ◦CCÁÉ~GÌ½ÏC·Íñ 2 ◦CÆ~áÌ
ÀE·xÉß­C¢EÌÏánÑÅÅà·gÈnæÌêÂÆµÄmçêéD
2006NÉ­¶µ½u½¬ 18NávÅÍCÏáðÏªµÄ¢éS 339n_Ì¤¿ 23n_Å±êÜ
ÅÌÏáÌÅåL^ªXV³ê½i´C2007j[62] àÌÌCê]C 2007NÍSIÉL^IÈ­áN
ÆÈÁ½D¼Nðär·éÆC2006NÌÖìÌ¬æ½ÏÏáÊÌÅålÍ 2007NÌ 3{Å èi¡
RçC2007j[93]CknûÌ 2{öxi{JC2008j[89] ÆärµÄ»ÌÏ®ªå«¢±ÆàÁ¥Å éD
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Fig.4.2Öì¬æÌTªÆÏáÊÌèúÏª_ÌÊu
Fig.4.3_º^Xm[Tv[ÉæéÏá²¸
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4.3.2 ~G~ÊÉÖ·é¿ÌûW
4.3.2.1 ~áÊÌLæªzÌè
ÏáEZáðÍÌóÔðxÍCylîñWnæbVÌnÌ 3bVðî{PÊÆµÄ
èµ½D¯bVÍox· 45bCÜx· 30bÅ èCú{ÌÉ¨¢ÄÍñ 1kmlûÌÌæ
É·éD±êÉæèCÖì¬æÍv 1,283ÌbVÉª³êéDðÍúÔÍ 2002N©ç 2007
NÆµC¯úÔÌ~ÊCC·C¬CúÆÔÌeCÛvfðúPÊÅûWµCÈºÌû@ÉæèeO
bhZÌlðèµ½D
ðÍPÊÆµ½ObhZÌú~ÊÌóÔªzÌèÉÍCÏªú~ÊÆbVCól 2000
iCÛ¡ÏªC2003j[45] ðp¢½DbVCól 2000ÍC1971`2000NÌ 30NÔÌÏªlð²
ÆÉWvµC3bVÅèµ½àÌÅ éDûWµ½n_ÍCAMeDASCCÛ¯CyðÊÈ
Ç¨æÑ~úÔi12`5jÌhÐÈw¤áXhÐ¤Z^[iùôn_CW 1,310mjÌv
10n_iFig.4.2jÅ éD
CÓObhZ xÅÌ~Ê p(x)imm/djðè·é½ßÉCÜ¸CObhZ xÌdS©çÌ
£ªZ¢É 3ÂÌÏª_ðIðµCÏª_ i i = 1, 2, 3jÌ~Ê po(i)imm/djÆ¯n_ÌbV
Cól 2000Ì~Ê pm(i)imm/djÌä r(i)ðvZµ½D
r(i) = po(i)/pm(i) (4.18)
ÉC3n_Ìä r(i)ðt£Ád@i®i4.19jjÉæèObhZ xÉà}µ½D
r(x) =
3∑
i=1
w(i)r(i)∑3
j=1 w( j)
(4.19)
w(i) = 1d(x, i)2 (4.20)
±±ÅCd(x, i)ÍObhZ xÌdSÆÏª_ iÌ£Å éDÅãÉC¾çê½ä r(x)ÆbVC
ól 2000Ì~Ê pm(x) ðæ¶ÄCObhZ x Ìèú~Ê p(x) Æµ½DÈ¨CYObh
ZªßTÌ 3 Ïª_ð¸_Æ·éOp`ÌO¤ÉÊu·éêÉÂ¢ÄàC¯lÌâÔ@Éæèè
µ½D
eObhZÅÌ~JÆ~áÌ»ÊÍnãC·Éæès¤D»Ì»ÊlÍcCÛ¯É¨¯é 10
NÔÌ~`ÔÆC·ÆÌÖWÉîÃ«C2.2◦CÅ~JÆ~áÌ¶Ým¦ð 50%ÆµC»Ìm¦ªü`I
ÉÏ»·é 0.5`4.0 ◦CÌC·ÌæðÝ¯½iJC1990j[61]DÜ½CÉæé~áÌß¨¹¸ÊÍC®
i4.21jÅ¾çêé~áÌß¨¦ CRiÏª~Ê^ÀÛÌ~ÊjÉæèâ³µ½D
CR = 1
1 + mU
(4.21)
±±Å U Íú½Ï¬im/sjCmÍªí²ÆÌWis/mjÅCAMeDASÌ·®~ÊviRT-3jÉ
Í m = 0.346ðKpµ½i¡RçC2003j[94]D
»Ì¼KvÆÈéCÛvfÍCßT 3n_ÌÏª_Å¾çê½lðt£Ád@Éæèèµ½D½¾
µCC·ÍeObhZÌWÉæéC·¸¦i= 0.65 ◦C/100mjðl¶µÄZoµ½D
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Fig.4.4ªµ½nÑ²ÆÌÏáÊÌxªzi2006N 2j
4.3.2.2 ÏáÊÀªf[^ÌûW
ÏáEZáfÌØÉÍCÖì¬æà 31JiFig.4.2jÌÏáÊÀªli_¤@\k¤¤Z
^[ªÏªj¨æÑÖì{ìcn_Ìú¬Êf[^ðp¢½DÏáÊÌÏª_ÍC©ÊµªÇ­
ÄÇnIÈÌe¿ðó¯Ãç­CnæÌÏáZáÁ«ðã\·é_ÆµCeÏªn_ÅÍ_º^Xm[
Tv[ÉæèÏá[CÏádÊð 3ñvªµC»Ì½ÏðÆÁ½iFig.4.3DN 1C2C3º
{ÉsíêéèúIÈÏªf[^Ì¤¿CáÌ 2006NCÇáÌ 2007NC¼ÒÌÔÅ½ÏIÈÏá
ÊÌ 2003NðÎÛNÆµ½D
±±ÅC¬æàÌ~áªzÌÁ¥ðmF·é½ßCFig.4.2Ì 4nÑiòéC­CrÌ½CÑRj»ê
¼êÉÂ¢ÄC2006N 2ÌWÉÎ·éÏáÊÌªzð¦·iFig.4.4jDWÉÎ·éÏáÊ
ÌÁ¦imm/mjÍCrÌ½nÑÍ 0.159iÏªlª¾çê½ 9úÉ¨¯é½Ï 0.326jCÑRnÑÍ
0.527i¯ 0.635jC­nÑÍ 1.585i¯ 0.902jCòénÑÍ 2.265i¯ 1.618jÅ èCÖì¬æàÅà
nÑÉæÁÄ»Ìlªå«­ÙÈé±Æªª©éD
4.3.2.3 q¯æ©çÌáüÌo
_ÆáÌ¯ÊÉLøÈZg·ÔOðL·éq¯MODISiMODerate resolution Imaging Spectroradiome-
terjðp¢C¥áæÌ«Eüiáüjðo·éDMODISÌóÔðxÍg·ÑÉæèÙÈéªCðÍ
Ép¢½g·Ñi1.230`1.250µmC1.628`1.652µmjÅÍ 500mÅ éiVXe_wïC2007j[56]D
MODISÌf[^A[JCu©çCÎÛÌæSÌÉ_ª­È­C³çÉáüªRÔÉ½­©çêéZ
áúÌæðCÈºÌÊèv 13Iðµ½D2006NÍ 6i3 7úC¯ 24úC4 7úC¯ 28úC
5 4úC¯ 21újC2007NÍ 7i3 21úC¯ 23úC4 12úC¯ 29úC5 14úC¯ 21úC
¯ 29újÅ éD±êçÌæ©çCÏáªmFÅ«éR¸ð³tf[^ÆµÄÏáÌXyNg
Á«ðc¬µCl@ÉæèæªÞðsÁÄÏáðoµ½D
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4.4 ÊÆl@
4.4.1 °MEöMAp[^ÌóÔªzÌèÊ
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Fig.4.5WÉÎ·é ksl ÌªzÆÅåEÅ¬liÛÍOµ½f[^j
Fig.4.5ÉCWÉÎ·é ksl ÌªzÆC»ê¼ê 10ñÌTõÉæÁÄ¾çê½ ksl ÌÅålCÅ¬lð
¦·D»ÌèlÌÌåªÍ 0.1`0.2ÈàÉûÜéªi¯}ÛjCêÌèÊÍ»Ìª 5ö
xÆL­ÈÁ½i¯}ÛjD
ObhZ²ÆÌÅKÈ ksl ÌlÌTõÉp·évZãÌÁáúÍCÏáwªó¯é°MEöMC
úËûxCnMÌeMÊÌaÉæèvZ³êéªCOÒÌ¤¿úËûx¨æÑnMÉæéMAÊÍC
ÛðÌÝÅèÜéD»Ì½ßCBêÌ¢mp[^Å é ksl ð»ÌÅKlæèå«­·êÎvZã
ÌÁáúÍ­CtÉ¬³­·êÎx­ÈèC¼ÒÆàÉÚIÖÌlðå«­·éûüÉ­­D»±
ÅCbV²ÆÌp[^TõÊðC¡²Ép[^ ksl ÌlCc²ÉÚIÖðÆÁ½Ot
iÊjÉ`¢½Æ·êÎCÊÌEÝÍ 1ÂÅ é±Æª\ªÅ«éD½¾µCÚIÖª®l
ÆÈé½ßEÝÌêÍ½çÉÈÁÄ¨èCêÌn_ÅÍÅK»è@Éæè ksl ÌlðêÓÉßé±Æ
ª¢ïÅ Á½àÌÆ@µÄ¢éD
ksl ÌèªL­ÈÁ½´öÍCSÌÌZáÊÌåªðúËEnMÉæéZáÊªèßC°MEöM
ÌZáÊÖÌñ^ª¬³­Cksl ð½­Ï»³¹ÄàÁáúªÏ»µÈ¢½ßÆl¦çêéDÜ½CúË
ÊEnMZáÊÌßå]¿âZáfÅl¶µÄ¢È¢M¹issÌlHIrMjÉæéZáÌ
ú»C~áÊÌß¬]¿àCfæé°MEöMp[^Ìèðå«­·é´öÆµÄ °ç
êéD
±±ÅÍCksl ÌèlÌÅåÆÅ¬Ì·ª 1ÈãÌàÌiÁáúª¾çê½ 313n_Ì¤¿ 42n_j
ÍCãqµ½´öÌe¿ªå«¢Æl¦ÄOµ½iFig.4.5Ì ExcludedjD±ÌðsÁ½ãÉCt
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Fig.4.6q¯æÌ¥áæ©çè³ê½ ksl ÌóÔªzi­ÍÜêÄ¢éObhZªq¯æ©ç
Ááúð¾½n_j
£Ád@ÉæÁÄèµ½ ksl ÌóÔªzð Fig.4.6É¦·D¯}Å­ÍÜêÄ¢éObhZÍC
ksl ðèµ½bVÅ éD
ú{C¤ÌánÉ¨¢Äèµ½ ksl Í 1.5OãÅCciW 12mjÅ^¦çêÄ¢é¶£l ksl = 1.7
iÃC2001j[59] ÆÙÚêv·éDÜ½CWª­ÈéÉÂêÄ ksl Íå«­ÈèC­RR¸iW
2,445mjüÓÌCìü«ÎÊÅ ksl ÌlÍ¨æ» 10ÉÜÅB·éDÁÉ ksl ªå«­ÈÁ½nÑÍCRÔ
Åª­­C©ÂC·ªã¸µâ·¢ìü«ÎÊÅ èC°MAª­Ésíê½nÑÅ éÆ@
Å«éD
4.4.2 ÏáÊÌÀªlÆvZlÌär
Øf[^ÆµÄ¬æàÌ 31n_ÅÏªµ½ÏáÊðp¢CFig.4.2Åªµ½ 4næ²ÆÉÏª
lÆvZlðärµ½D
òénæ
Ü¸CòénæàÌSÏªn_É¨¯éSÄÌÏáÊÏªlEvZlðvbg·éÆC»êçÍ
¯lüðÎÌ²ÆµÄÙÚÏÉªzµCÏáÊÌÏªEvZlÌ·Í 2_ð«C200mmÈàÉ
ûÜÁ½iFig.4.7jD±ÌÏáÊÌèë· 200mmÍCZáúÌÅåZáÊñ 30`50mmÅZá
úÉ·Z·éÆCú©ç 1TÔÉ·éë·Å éD±êçÍCObhZàÌZá»ÛªsÏ
êÅ é±ÆâCp[^èÉp¢½q¯æÌóÔðxi500mjð½fµ½ë·Å èCe
ÍÍàÉ éÆl¦çêéDòénæÌÏáÊvZlÍ 4næÌÅÅà¢¸xÅ éªC±êÍ
¯næàÉ¡Ì~ÊÏª_ªÏÉªzµÄ¢é±ÆÉÁ¦C±ÌnÑÍuËnÑÅWªá­CÈ
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Fig.4.7òénæÉ¨¯éÏáÊÌÏªlÆvZlÌär
¾ç©Å èCn`ÉæéÇIÈ~áÌe¿ª¬³©Á½½ßÆl¦çêéDÈ¨CòénæàÌSÏ
ªn_ÌÏáEZáßöð{Ít^iFig.4.21`Fig.4.33jÉ¦·D
rÌ½næ
ÉCWÑªÅà¢rÌ½næÉ¨¯éÏáÊÌÏªEvZlð Fig.4.8CFig.4.9É¦·DÈ
¨CrÌ½næàÌSn_ÌðÍÊÍ{Ít^iFig.4.16`Fig.4.20jÉ¦·D
Fig.4.8ÉrÌ½næàÌÏáÊÌÏªEvZlðvbg·éDòénæÆ¯lÉ¯lüðÎÌ
²ÆµÄªzµÄ¢éªC»ÌÎçÂ«Íòénææèââå«­CÏªlÆvZlÌ·ª 200mmÈà
ÌàÌÍSÏªlÌ 76%ÆÈÁ½D½¾µCrÌ½vn_iW 1,540mCFig.4.2jÌÊÉ©çêéÆ
¨èCZáÊÆärµÄ 3ÜÅÌÝÁZáÊÍ 100mmöxÆ¬³¢iFig.4.9jD»Ì½ßCÏá
ÊvZlÌÎçÂ«ÍCZáfÅÍÈ­åÉ~áÊÌèë·ÉæéÆèÅ«éDÜ½C»Ì
´öÆµÄÍ~ÊÌÏª_ª­È¢±ÆÉÁ¦CWª­Cª­¢±ÆÉæéÏáÌ«ñ¹E
«¥¢Ìe¿ª°çêéD
­næ
­næà¯lÉÏáÊÌSÏªliFig.4.10j¨æÑÖ·òn_iW 870mCFig.4.2jÌÏá
ÊCÝÁZáÊÌnñð¦·iFig.4.11jD­næà¼næÆ¯lÉCSÄÌÏªn_ÌðÍÊð
{Ít^iFig.4.34`Fig.4.39jÉ¦·D
¯næÌÏáÊvZlÍÏªlÉä×Äââß¬]¿³êéXüÉ èC»Ì· 200mmÈàÉû
ÜÁ½f[^ÍSÌÌ 64%ÉÆÇÜÁ½DWÉÎ·éÏáÊÌÁ¦ÍC{fÅÍbV
CólÉæÁÄ^¦½ªCbVCólÅÌÁ¦Í 0.310ÅCÏªlÉæÁÄ¾çê½Á¦ 0.902
i4.3.2.2 ÅùqjÆär·éÆ¬³­CÏáÊÌß¬]¿Í±Ìe¿ðó¯½àÌÆl¦çêéD
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5.1 Í¶ßÉ
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¬æ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5.2 á½nÃ»ÛÌf»Æ¬æzÂfÖÌgÝÝ
5.2.1 á½nÃßöÌf»
5.2.1.1 Vr^ÃfÉæéÃæÌè
 én_ÅÌÍ¹¬Êª»Ìn_ÌÊ\Íð´¦êÎCÍ¹üÓÉÃæª¶¶CêÑÍrÌæ¤É
ÈéDVr^ÃfÍCÍì©çÌz¬ÉæéÃCàÃÌ»ê¼êÌÃßöðC¬¬ª
ÉÈá½nÉ¨¢ÄÍêÂÌVrÆµÄÜÆßÈÕÉµ¤àÌÅ éi£Ep®C1977G{Ep
®C1995j[79, 85]D±ÌÃæð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½ÈêÌÌV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ûx®i5.1j¨
æÑãÉ¦·^®ûö®ðîbÆµÄÃÊðvZ·éD
Qn+1out =
Wn+1 + Wn
∆t
(Hnin − Hn+1in ) + Qn+1in + Qnin − Qnout (5.1)
±±ÅCQninCQnout Í»ê¼êÃæÖÌ¬üÊÆ¬oÊim3/sjCWn ÍÃæÊÏim2jCHnin ÍÃ
ÊimjC∆tÍvZÔÔu 3,600isjÅ éDÈ¨CeÏÌE¨Étµ½ nCn + 1ÍvZÔÝð
\·D
ðÍÉÛµÄÍCÃÊÆÃæÌÊ¨æÑÊÏðÖWÃ¯éÈüi»ê¼ê H-V ÈüC H-A
ÈüjðOÉn`f[^æèì¬µCevZXebv²ÆÉvZ³êé Hin ©çCÃæ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5.2.1.2 Ãæ©çÌrÌè®»
Ãæ©çÌrÊ QoutiÌêÍOÍì©çÃæÖÌ¬üÊjÍC¬Cs¬Éêª¯µ
Ä®i5.2jÉæè¾çêéip®E£C1981jD
Qout =

G
√
F (√F < √s)
G
√
s (√F > √s) (5.2)
±±ÅCG =
AinR2/3in
N
C
√
F =
Hin − Hout√
X
√|Hin − Hout|
ð\µCHout ÍÃæªÚ±·éÍìÌÊCXCsÍr
ÍìÌ·³¨æÑÍ¹ùzCAinCRin ÍÃn_ÌÍ¹fÊÏ¨æÑa[CN ÍexWÅ éD
Ãn_©çÌr`Ôªs¬Ìêi
√
F <
√
sjC évZ nÉ¨¯éÃÊ HninC¬üÊ
QninC¬oÊ Qnout ¨æÑÌ n + 1Ì¬üÊ Qn+1in ©çC n + 1É¨¯éÃÊ Hn+1in ðj[
g@ÉæèßéD±±ÅC n + 1Ì¬üÊ Qn+1in Íªz^zÂfÌoÍlÆµÄXX
èÅ«CùmÌlÆµÄp·éD
1j n + 1É¨¯é¬oÊÌ m + 1ñÚÌßðð Qm+1out Æ\·Æ«CQm+1out Í®i5.3jÉæè\
³êéD
Qm+1out = Qmout +
(
∂Q
∂G
dG
dHin
)m
dHin +
(
∂Q
∂F
dF
dHin
)m
dHin (5.3)
2jÃæÌûx®i5.1jÆã®i5.3jðA§µCÃÊÌ m + 1ñÚÌßð Hm+1in ð®i5.4j
Éæè¾éD½¾µCWm+1 = Wm Æ·éD
(
Wm + Wn
∆t
+ DmG + D
m
F
)
Hm+1in =
Wm + Wn
∆t
Hnin + (DmG + DmF )Hnin − Qmout − Qnout + Qn+1in + Qnin (5.4)
±±ÅCDmG =
(
∂Q
∂G
dG
dh
)m
CDmF =
(
∂Q
∂F
dF
dHin
)m
Å éD
3j|Hm+1in − Hmin| > ǫ ÌêÉÍ¾çê½ Hm+1in ð Hmin ÆµC1j ÉßÁÄû©·éÜÅ½vZðs
¤DÜ½C|Hm+1in − Hmin| < ǫ ÆÈÁ½É Hm+1in ð Hn+1in ÆµCÌvZÖiÞD±±ÅCû©
»èÌ½ßÌ ǫ = 0.001imjÆ·éD
¼ûC¬ÌêÉÍ
√
F =
√
sÆ·é±ÆÉæèC®i5.4jÌ DmF = 0ÆÈèC®i5.5jðs
¬ÌêÆ¯lÉû©vZðsÁÄ Hn+1in ð¾éD
(
Wm + Wn
∆t
+ DmG
)
Hm+1in =
Wm + Wn
∆t
Hnin + D
m
GHin − Qmout − Qnout + Qn+1in + Qnin (5.5)
5.2.2 ªz^zÂfÖÌÃßöÌ±ü
ÍìÆÃæÌÂÈªèÉÍÈºÌæ¤È¼èð¨¢ÄÃßöÌvZASYðªz^zÂ
fÉ±üµC¬oßöÆÃßöðÀsµÄvZ·éD
\zµ½ªz^zÂfÌbVÔÉÃn_ðÝ¯C»ê¼êÌÃn_ÅCn`f[^i±
±ÅÍOqµ½ Aster GDEMj©ç H-V ÈüCH-AÈüðì¬·éDá¦Îãq·éZot@C´n
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_ÅÍCÃæÌÅáW©ç¯n_ÌùÅåÃÊÜÅðÎÛÉ»êçðì¬µ½DÈ¨CÝèµ
½ÃæÍªz^zÂfÌ¡ÌvZbVÉ×ªÁÄ¢é½ßC»êçÍ¯êÌÃÊÉ
æÁÄxz³êéêÌÌÊÆµÄµ¤D
ÉCÃn_ÌÊ\ÍCÍ¹¬Ê¨æÑÃÊðp¢ÄÃvZÌJnCp±CI¹ð»f·éD
Ãn_ÌÊ\ÍÍCçhÌV[³iFig.5.6icjjÉÎ·é¬óÔÌ¬ÊÆ·éDÈºÉ»ê¼ê
ÌvZû@ð¦·D
1jÃn_ÖÌ¬üÊªÃn_ÌÊ\ÍÈºÅ éÆ«ÍÃÍ­¶µÈ¢iá¦Î Fig.5.6
iajjDÈ¨CvZ¬ÊªÃn_ÌÊ\ÍÈºÅ ÁÄàçànÉàÃª¶¶éÂ\«ª 
éªi¯}ibjjC±±ÅÍÃÍ­¶µÈ¢àÌÆ¼è·éD
2jvZ¬ÊªÃn_ÌÊ\Íð´¦½i¯}icjjCÃvZðJn·éD±ÌCÍ¹ÆÃ
æÌÊªµ­Èéæ¤ÉCÃæÌÍ¹É¯³ê½ÊªÃæÉLªéDÜ½CÃæ
[©çÌrÊÌvZÍCÅåÍ¹ð¼ûüÉ·µ½Ìæi¯}Ì_üÅÍÜê½Ìæj
ðÍ¹fÊÆµC5.2.1.2 É¦µ½û@Éæès¤D
3jÃæ¨æÑÍ¹ÌÊªáºµÄ©RçhÌV[WðºñÁ½Æ«à 5.2.1.2 É¦µ½û@É
æèÃæ[©çÌrvZðp±·éD±ÌCçànÌÃæi¯}DFªjÍ¬ÍìC
rHÉæèÍìÆA±µÄ¢éÆ¼èµCÍìÆÃæÌÊÍêÌÆµÄÏ»³¹éDÜ
½C±ÌêàÃn_©çÌrÍÍ¹fÊÌÝðÊµÄN±éÆ·éDÈ¨CÃvZÍÃ
æÌÊªçànÌÅáWi¯}iajjðºñéÜÅs¤D
ÅãÉCãLÌvZÅ¾çê½Ãn_©çÌrÊðCÃn_©çº¬bVÖÌ¬ºÊÆµÄ
fÉ^¦éD
5.3 ¬æÌTv
5.3.1 ÎÛ¬æÉ¨¯éÃÌÁ¥
ÎÛÆ·éZot@CìÍRiMekongjìÌx¬ÌÐÆÂÅ èCIXìÉÊu·é
iFig.5.1jD¬æÊÏÍ 10,330km2C¬H· 375kmÅ èC¬æÌWÍ 130`1,657mÉªzµÄ¢éD
¬Ì}nTCiMahaxayjÜÅÍÍ¹ùzª 1/2,000`1/4,000i½Ï 1/3,400jÅ éªC}nTCæ
èº¬ÅÍ 1/7,000öxÆÈéDÁÉº¬ÌÊÏª_Zot@C´n_iXebanfai Bridgejæèº¬
ÅÍÍ¹ùzÍ 1/15,000ÆñíÉÉâ©ÉÈèCÍ¹Íå«­Ös·éiFig.5.2jD
Zot@Cì¬æàÉÊu·é}nTCCÛÏªn_ÅÌN½Ï~ÊÍñ 2,700mmÆå«­Cµ
©à»ÌåªªJGÅ é 5©ç 10ÉWµÄ¢é½ßC¬æÍµÎµÎ^ÃÉ©íêéD
Zot@CìÉ¨¯éÃÍC¬æÅ¶¶éärIp±ÔªZ¢ÃÆCº¬á½nÉ¨¢Ä·ú
Ôp±·éÃÉåÊÅ«éDOÒÍRÔÌWIÈ~JÉæÁÄ¶¶éÌÉÎµCãÒÍã¬Ì
JÆOÊÅ éRì{ìÌÊÌã¸Æ¢¤ 2ÂÌvöÉæè¶¶C±êçÌðªdÈéêÉ
ÍXª·ú»µCº¬á½nÌcÉå«ÈíQðà½ç·iMekong River Commission, 2009j[25]D
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5.3.2 ¿ÌûW
5.3.2.1 ¶ECÛ¿ÌûWÆ
f\z¨æÑØÌ½ßÉKvÈ¶ECÛf[^¨æÑÍ¹fÊf[^ÍCSÄIX
¹Â«¡CÛ¶Ç iDepartment of Meteorology and Hydrology, Water Resources and Environmental
Administration, Lao PDRjÉæéf[^ðp¢½DObhTCYÍ 2kmÆµ½D
p¢½¶f[^Í}nTCn_i¬æÊÏ 4, 520km2jCZot@C´n_i¯ 8, 359km2jÌÊE
¬ÊÌúÏªlÅ éiFig.5.2jDÜ½CCÛf[^ÉÍ Fig.5.2É¦·¬æàO 13n_ÌCÛÏª_Ì
úf[^ðpµCÈºÌû@Éæèf[^ðbVTCYÜÅâÔ·éDûWµ½f[^ÍC~
ÊCC·iú½ÏCúÅCúÅájCÎ¼xiúÅCúÅájCú½Ï¬Å éDCÓbV x
ÅÌ±êçÌl p(x)ðè·é½ßÉCÜ¸CbV xÌdS©çÌ£ªZ¢É 3ÂÌÏª_ð
IðµC3n_Ìl p(i)ðt£Ád@i®i5.6jjÉæèbV xÉà}·éD
p(x) =
3∑
i=1
w(i)p(i)∑3
j=1 w( j)
(5.6)
w(i) = 1d(x, i)2 (5.7)
±±ÅCd(x, i)ÍbV xÌdSÆÏª_ iÌ£Å éDÈ¨CYbVªßTÌ 3Ïª_ð¸
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_Æ·éOp`ÌO¤ÉÊu·éêÉÂ¢ÄàCOp`Ìà¤É éêÆ¯lÌâÔ@Éæèè
·éD
5.3.2.2 n`f[^ÌûW
¬æÌn`îñÆµÄCIX§nÇÉæéln}iNGD DEMjÆClHq¯ÉÚµ½Z
Tðp¢½SÌln`f[^iAster GDEMjðûWµCÝär·éD±Ì NGD DEMÍn\ªÊ
ÉîÃ¢Äì¬³ê½n`}ðâÔµCóÔðx 30mÌfW^f[^ÆµÄö\³êÄ¢éàÌÅ
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Fig.5.4CÛÏª_ÌWðpµ½ Aster GDEMÌ¸xØ
 éD¼ûCAster GDEMÍq¯ TerraÉÚ³ê½ZT AsterÌßÔOCÂõÌg·Ñðp¢C§
ÌÌ´Éæè\z³ê½n¨Ìf[^ZbgÅ éDAster GDEMÌóÔðxÍ 30mCWð
xÍ 1mCWlÌWÎ·Ìö\lÍ 7`14mÅ éi¹EÂ«ÏªðÍZ^[C2009j[55]D
Ü¸CFig.5.2É¦µ½¬æàOÌCÛÏª_ÌWÆC¯n_Ì Aster GDEMÉæéWðär·é
Æ Fig.5.4Ìæ¤ÉÈéD¼ÒÌë·ÍW 140`160mÌánÅ¬³­Cxªã¸·éÆÆàÉXÉ
å«­ÈéDÅ¬ñæë·iRMSEjÍ 11.5mÅ Á½DÈ¨C¯}ÌÊgàÉ¹Lµ½RÔÌ 2n
_Åär·éÆCCÛÏª_ÌWª 551.2mC570.8mÅ éÌÉÎµC»ê¼ê 515mC526mÆ 30m
Èã Aster GDEMÌWlª¬³­CRÔÅÁÉ¸xªá¢ÊÆÈéD
ÉCNGD DEMÆ Aster GDEMª\·Ã´Ìn`ðärµ½DFig.5.5ÍCZot@Cìº¬t
ßÌx¬ÍìÉ¨¢ÄC¼n`f[^ÌW 141mÈºÌoÌæð¦µ½àÌÅ éDNGD DEMÉ
æÁÄ¦³êéÌæÍ¬ÅÍTËÍìüÓÉ éªC»ÌÌæÍ¬ºûüÉÍLªÁÄ¢È¢i¯}
iajjDêûCAster GDEMÉæéÌæÌ`óÍÍìÌ¬ºûüÆ®µÄ¨èCÃ´Ìn`\»Ì¸x
ª¢±Æªª©éi¯}ibjjD
[gZVOðpµ½n`f[^ÍC[_[XybNÉNö·émCYÉæèÀÛÌn
`ÆÌ·Ùâs©RÈEnð¶¶éÂ\«à éªiSanders, 2007j[30]CÈãÉ¦µ½¼f[^ÌÁ«ð
l¶µC¬æSÌÌf\zÉÍ NGD DEMðpµCÃ´Ìn`f[^oÉÍ Aster GDEMð
p¢ÄCKvÈWf[^ÌZèðs¤±ÆÉ·éD
5.3.2.3 q¯æðp¢½ÃæÌè
ÃfØÌ½ßCALOSiAdvanced Land Observing SatellitejÉÚµ½tF[YhACû®
Loh¬Jû[_[ PalsariPhased Array L-Band Synthetic Aperture RadarjÌæðp¢C2008
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Fig.5.5x¬ÍìÉ¨¯é NGD DEMiajÆ Aster GDEMibjÌn`Ä»«Ìäri¢ªÍW
141mÈºÌÌæð¦·j
NÌÅåÃÌÃæðo·éDæ¾µ½q¯æÍ 2008NÌÅåÃÉÅàß¢úÉBe³ê
½æÅi2008N 8 12újCóÔðxÍ 12.5mÅ éD
¬Jû[_[iÈºCSARjðp¢½ZTÍC}CNgð\®IÉúËµÄ»Ì½ËgðÏ
ª·é@\Å é½ßC_ÈÇÌCÛðâéÌÔÑÈÇÌe¿ðó¯È¢DÜ½CSARÌóM·
é}CNgÌ­xiãûU­xjÍCUÊÌ\ÊexCyëªÉæèÙÈéªCÊÅÍ¼Ì
ynpÉä×ãûU­xª¬³¢½ßCLæÅÌXC¼nÑÌoÉp¢çêÄ¢éiÁ¡ER
èC2010GLowry et al.C2009j[22, 42]D½¾µCXæÌèÌ½ßÌÄpIÈlÍ¾çêÄ¢È¢½
ßCSARæÌBe´ÉNö·éXybNmCYð 5 × 5æfÌ Lee filteriLeeC1980j[20] Éæèá
¸³¹½ãCl@Éæèè·éDÈ¨C±ÌªÞÌ½ßÌTvÆµÄC8 12úÌæ©ç
RìÌÊ¨æÑ»n¥¸ÉæÁÄ¾çê½Zot@Cì¬æàÌXæðã\lÆµÄp·éD
5.4 ÊÆl@
5.4.1 À¬æÖÌKpð
\zµ½fðZot@Cì¬æÉKpµC2004N©ç 2008NÜÅúPÊÌvZðsÁ½DÍ¹
©çÌÃßöÌ±üÍC}nTCCZot@C´¼ÊÏªn_Æ¬æÅ[Ìv 3n_ÉÎµÄ
sÁ½D
±±ÅC}nTCCZot@C´Ì¼ÊÏªn_ÅÍCçhÌV[WÉ·é¬Êi}nTC
n_ 1, 822m3/sCZot@C´n_ 2, 649m3/sjð»ê¼êÌÃn_ÌÊ\ÍÆµ½DÜ½CÃ
æ©çÌr`ÔÍ¬Å éÆµ½D
¼ûCZot@Cì¬æ[ÌÊ\ÍÍ 3, 621m3/sÆµCÃæ©çÌrÊÍRìÆÃæ
ÌÊ·©ç 5.2.1.2 Åq×½û@ÉæèvZµ½DÈ¨CZot@Cì¬æ[É¨¯éRìÌ
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Fig.5.6Zot@Cìº¬[ÌÍ¹fÊ¨æÑÃvZû@ÌTO}
ÏªÊÍ¾çêÈ¢½ßCRÍ{ìÅ¯n_©ç 50kmã¬É é Thakek¨æÑº¬ 40kmÉÊ
u·é SavannakhetiFig.5.1jÌÏªÊðà}µÄ^¦½D
ðÍðsÁ½úÔÌ¤¿CZot@Cì¬æÉ¨¯éÅåÌ^NÍ 2005NÅ Á½D»ÌÛÉÍC
}nTCn_ÅÍ 1989`2008NÌùÅåÊ 156.46mi1991NÉ­¶jÉCG·éÅÊ 156.18m
ªL^³êC}nTCSàÅ 490ha Ì[ÈXíQªñ³êÄ¢éiMekong River Commission,
2006j[24]D
5.4.2 Ãßö±üOÌÍì¬ÊÌè
Ãßö±üOÌvZ¬Êð}nTCCZot@C´¼n_ÌÏª¬ÊÆärµ½DðÍúÔÅ
ÅåÌ^NÅ Á½ 2005NðÎÛÉ·éÆCÃßö±üOÌvZÊiFig.5.7CFig.5.8Ì_üj
ÍC6º{Ìos[NÅÍÏªli¯}ÛójðÇDÉÄ»µ½ªC¬ÊªÅåÆÈé 8{É
ÍÏª¬ÊÆÌ·ª 500`1,000m3/sÆå«­ÈÁ½DÜ½C¬os[NÌúÈçÑÉü¸ðßÉ
è·éÊÆÈÁ½D
µ©µC2005NÈOÌärI¬KÍÈoNiá¦Î 2006NjÅÍ}nTCCZot@C´¼n_
ÆàvZlÆÏªlÍTËêv·éiFig.5.9jD½¾µC¯}Ì 10{Ì~J¬oÉ©çêéÆ¨è
¬oð[ªÉÄ»Å«È¢êà éªC±êÍ¬æÊÏÉÎ·éJÊÏª_ªs\ªÅCJÊÌê
ðß¨Å«È©Á½½ßÆ»fµÄ¢éD
5.4.3 Ãðl¶µ½fÉæézÂßöÌÄ»
Ü¸C}nTCCZot@C´¼n_ÖÌÃßöÌgÝÉæévZ¬ÊÌÏ»ð¦·iFig.5.7C
Fig.5.8jD¯}ÉÍ¼n_ÌÊ\Íð¹Lµ½DvZ¬ÊªÍ¹ÌÊ\Íð´¦éÆÃª­¶µC
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Fig.5.11ÊÏª_É¨¯évZEÀª¬ÊÌäriZot@C´n_j
­¶ÌÍ¹¬ÊªÃæÉLªé½ßvZ¬Êi¯}ÀüjÍÃ­¶¼ãÉêIÉáº·éªC
»Ìãã¸·éDÃßö±üãÌvZ¬ÊÍC±üOÌvZ¬Êi¯}_üjÉä×ÄÏª¬ÊÉß
¢Êð¦µCÁÉs[N¬ÊÆ»Ì­¶úÌÄ»«ªå«­üãµ½D}nTCn_Ì¬ÊªÊ\
Íð´¦½úÔÍ 8 16`25úCs[N¬ÊÍ 2, 148m3/sÅ Á½ÌÉÎµCfèÊÍ»ê¼
ê 8 13`23úC2, 220m3/sÅ Á½iFig.5.7jD¯lÉCZot@C´n_ÅÀÛÉë¯Êð´
¦½úÔÍ 8 16`27úCs[N¬ÊÍ 2, 926m3/sÅ Á½ÌÉÎµCfÅÍ»ê¼ê 8 15`
26úC3, 090m3/sÆÈÁ½iFig.5.8jD
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12új
³çÉCZot@Cì¬æÅº¬[ÉKpµ½fÉæéÃßöÌÄ»ÉÂ¢ÄCq¯æ©ç
c¬µ½ÃæÆfèÌÃæÌärC¢ðsÁ½D¬æÅº¬[É¨¯éÃÍC5NÔÌð
ÍúÔÌ¤¿KÍÌoÅ Á½ 2008NÉ¨¢Äà 6{©ç 10º{ÜÅp±µC»ÌÅåÃ
ÊÏàñ 300km2 ÉyÔåKÍÈàÌÅ éiFig.5.12jDq¯æªBe³ê½ 2008N 8 12úÍC
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¯æÉæéÃæÌóÔIªzðfÉæévZÊªæ­Ä»µÄ¢é±Æª©Äæê½Dq¯æ
©çèµ½ÃÊÏÍ 265km2CfÉæéÃÊÏÍ 250km2 Å èC¬æÅº¬[Ìên_É
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«ªüã·é±Æð¦µ½D
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6.1 Í¶ßÉ
{ÍÅÍCynpEkìóµªÙÈé¡ÌnÚ©çÌ¶¬oßöð\»·éfð\z·éÆ
ÆàÉCkìEkìúücªìzµ½±¬æÉKp·éD±¢ÄCKpµ½fÉæé¬oÌÄ»
«ÉÂ¢Ä¸¸·éÆÆàÉCRÔnæÌ¬æzÂÆ¬oêÅ écÌÇóÔÆÌÝÖWð]
¿·éD
6.2 ±¬æÌIèÆ¶Ïª
6.2.1 ±ÎÛnæÌTv
±ÎÛnæÌòéuËÍCV§ãzsiòéSÀË¬CYì´ºCåºCqºjÉÊuµ
iFig.6.1jC¼ðc½ìCkðÄRÆPRCð\ú¬~nCìðÖcR¬ÉæÁÄæØçêénæ
ÅCW 200`600m ÌuËðÈ·DòéuËÌn¿ÍåÆµÄDâC»âDâÝw©çÈèC»âC
IâC¨æÑÎRâCÎRÓûâð²ÞCú¢VæOIwªL­ªz·éiVåwòénæn¿²¸
O[vC1987j[76]DÜ½CòéuËÍäªÉ¨¢ÄÅàL­C­Åµ¢«^nènÑÅK
ÍÌå«¢nènª½­CIcâWªWµÄªzµÄ¢éi¬oC1973j[49]D
òéuËÌcÅÍ 5º{ÉcA¦ªsíêC7º{©ç 8{Éoäúð}¦C9º
{Éûnðs¤DcÌóòû®ÍCk¬â¡äË©çæµ½ðº¬cÉczµÅ·éû@Å
 éD½¾µCìtúÌpÍtæÌZáðcÉ¯·é±ÆÉæèmÛ³êC±ÌtæÌpðm
Û·é½ßCûnãClÈÌàÌèKÆcÊðÅ¿ÅßécÅ¿¨æÑã©«iHã©«ÆÄÎêéjª
síêéi«§çC1994j[32]D
¯næÌclÈÍ½nÌ»êÉä×Äú­C»Ì³ÍcÊ©ç 40`50cmöxÅ èCcÊâl
ÈÌZ§ª¬³­ÛÍª¢½ßC25`30cmÌXª êÎ 1­ç¢ÌA±±VÉÅàÏ¦é±
ÆªÅ«éi|àC1974j[64]D³çÉªs«·éêÉÍCº¬Ìc©çÄxã¬ÌcÖgµÄ
s«ªðâ¤±Æà éDÜ½Cpðk¬CnºÉå«­Ë¶·é½ßCÅàðKvÆ·éoäú
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Fig.6.1òéuËnæÌTvÆ±¬æÌÊu
ÌpmÛÌ½ßÉ±µÍsí¸CoäãÉcÊÉßÄaðØèC·éÆ¢¤cÇðs¤D
È¨C¬æàÉÍ¬KÍÈ½ßrª_Ý·éªCoäúÌpðmÛ·é½ßC»êæèÈOÉÍÉÍ½
ßrÌðgíÈ¢æ¤ÉÇ³êÄ¢éD
6.2.2 kìúüÌisx¢©çÝ½±¬æÌIè
ynpEÇóµªÙÈé¡Ì±¬æÍCÈºÌû@ÉæÁÄIèµ½DÜ¸CòéuËÉ¨
¢Äñ 1km2 Ì¬æÊÏðÂ 14Ì¬¬æðoµC1989NÆ 2002NÌqóÊ^ÌÚÉæéär¨
æÑ¥¸Éæè¬æàÌynpiXÑEcjCcÌÇóÔikìEkìúüj¨æÑ»ê¼êÌÊ
Ï¦ð²×½iFig.6.7jDÈ¨C±êçÌ±¬æÌÚ×Í_ÑYÈk¤_­ÇÌ²¸Êðpµ½
ik¤_­Ç_ºvæ¹ÛC2006j[83]Do³ê½¬æÌ¤¿CkìcCkìúücCXÑ»ê
¼êÌÊÏ¦ªÅåÆÈéàÌð±¬æÆµÄIèµCÈº»ê¼êðkì^¬æiFig.6.7Ì¬æÔ
 1jCúü^¬æi¯}Ì¬æÔ 6jCXÑ¬æi¯}Ì¬æÔ 14jÆÄÔDÈºÉCIè³ê½¬
¬æÌTvðLqµCe±¬æÌ¬æ³ð Table 6.1É¦·D
kì^¬æiFig.6.8jÍC¬æÊÏ 1.02km2CÎÊÌùzÍ 1/5`1/10Å éD¬æÌ 36%ªcÅ
 èCÁÉã¬ÌÉùzÌÎÊÉkìcªWµÄ¢éDqóÊ^ÌärÆ¥¸©çkìúüóµð
»Êµ½Æ±ëCê¨nÖÌ]pªÝçê½¼ÍkìúüÍÝçêÈ©Á½DÜ½Cãq·é¶Ïª
úÔÉà±ÌóµÉÏ»ÍÈ©Á½DòéuËÌIcÍCIcüÓÌ¬KÍÈ½ßrðâ¹Æµ
Äp¢éVcÆCJw³ê½pHÉæè¬æO©çÌðó¯éóòcÉåÊ³êéªC±
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Fig.6.2kì^¬æÌlqikìúj
Fig.6.3kì^¬æÌlqiHã©«ãj
ÎÛÆµ½¬æàÌcÍVcÉµC¬æO©çÌpÍsíêÈ¢D
úü^¬æÍ¬æÊÏ 0.61km2CÎÊÌ½ÏùzÍñ 1/7ÅCkì^¬æÆär·éÆââùzª}Å
 éiFig.6.9jDÜ½C¯¬æÅÍkìúüÌisªµ­C¬æÌñ 4ðèßÄ¢½cÌ¤¿Ck
ìcÍ¬æã¬Æ¹HtßÌêÉÌÝ¶ÝµCkìcÌÊÏ¦Í 8.2%ÆÈÁÄ¢éD
Fig.6.10É¦·XÑ¬æÍ¬æÊÏª 0.47km2 ÆOqÌ 2¬æÆärµÄââ¬³­C½ÏùzÍ 1/5
öxÅ éDÜ½C¬æÌÅº¬Éêcª éªC»êÈOÌ¬æÌåªÍXÑÅ éDÈ¨C
òéuËÌRÑÌÑµÍÑîñ 30NÌÌlHÑªåÌÅ èC±¬æÔÌRÑÌA¶âÑîÈ
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Fig.6.4k¬©çkìcÖÌæóµ
Fig.6.5úü^¬æÉ¨¯élÈÌöóÆ}ÎÊÌ`¬
ÇÌ·ÙÍ¬³¢D
±¬æÌÎÊÌ½ÏùzÍ 1/7öxÅCãq·éÀªÌ¬of[^©çÍe±¬æÌ^BÔ
ÉÍ¾ÄÈ·ªÝçêÈ¢DÜ½CnÉZ§µ½Ì¬®àl@ÌÎÛÆ·é½ßCªz^¬of
ÌêÂÅ é TOPMODELiBeven and KirkbyC1979j[6] Ìn`wWÉæÁÄ¬æÔÌn`Á«ð]¿µ
ÄÝéDn`wWi= lnia/ tan βjjÍCObhZÌÎÊÌùz βÆ»±ÅÌWÊÏ aÉæèè`
³êCn`ÉæéOaæªÊÌóÔªzðè·é½ßÌwWÆµÄp¢çêÄ¢éDÈ¨Cn`wW
ÌvZASYÉÍ Quinn et al.i1991j[28] Ìû@ðp¢½D¾çê½kìcEúü^¬æÌn`
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Fig.6.6úü^¬æÌlqiZá¼ãj
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Fig.6.7¬æIèÌ½ßÉoµ½¬¬æàÌynp\¬
Table 6.1±¬æÌynpÊÏikm2jÆ»Ì¬æÊÏÉÎ·éä¦
Cultivated Abandoned Forest
Catchment Area 1.02 0.61 0.47
Paddy Field 0.37 (36.3) 0.24 (39.3) 0.02 (4.2)
Cultivated 0.30 (29.4) 0.05 (8.2) 0.02 (4.2)
Abandoned 0.07 (6.9) 0.19 (31.1) 0.00 (0.0)
Forest 0.65 (63.7) 0.37 (60.6) 0.45 (95.7)
Abbreviations:
Cultivated: Cultivated Paddy-dominant Watershed,
Abandoned: Abandoned Paddy-dominant Watershed,
Forest: Forest Watershed
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wWÌÎxªzð¦·iFig.6.11jD¼±¬æÌn`wWÌxªzÍÙÚ¯¶`óðµÄ¨èCn
`ÉæÁÄ¶¶éOaæ¯ÊÌóÔªzÉ¨¯é·Í¬³¢D
6.2.3 ¶Ïª¨æÑf[^ðÍû@
6.2.3.1 ±¬æÉ¨¯é¶Ïª
±¬æÌ[É¨¢Ä 10ªÔuiÏáúÍ 1ÔjÅÊÌuÔlðÏªµCÊr¬ÊÏªÉæè
ì¬µ½Ê|¬ÊÈüðp¢Ä¬ÊÉÏ·µ½Dúü^¬æCXÑ¬æÅÍ 2007N 6©çCkì^
¬æÅÍ¯N 8©çÍìÊÌÏªðJnµC3¬æÆà 2009N 11ÜÅÏªðsÁ½D
¬æàÌJÊÍCúü^¬æ¨æÑkì^¬æÅ 0.5mm]|}X®JÊvÉæè 10ªÔuÅÏªµC
XÑ¬æÌJÊÉÍßTÌãzsYì´æ¡ÉÅÏª³ê½ 1ÔJÊðpµ½DÈ¨CÏáúÔÍ
Ïª@íªáÉÜé½ßCkìEúücìz¼¬æÉÝuµ½JÊvÍPµC~ÊÍßTÌA
_XÀËÌf[^Åâ®µ½D
6.2.3.2 s[N¬oWÌZo
ZÔÉWxª¢~JÉÎ·éðÍðs¤½ßÉC~Jg`ªPô`ÅC¬os[Nª¾ÄÉ»ê
é~JÛðÎÛÉCÈºÌû@Éæè^BÔ Tp Æs[N¬oW fp ÌZèðs¤ip®E
C1976j[43]D
Ü¸CÀª³ê½nChOt©ç^BÔðè·éD±±ÅÍs[N¬Êª¾çêé
ÆC»ÌÆ¯¶~J­xª¾çêéðnCGgOt©çÇÝæèC»ÌÔuð^BÔÆ
·éDÉCs[N¬oW fpi^BÔàÌ½Ï~J­xÉÎ·éLø~J­xÌäjð®i6.1j
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Éæèè·éD
fp = Re/R (6.1)
±±ÅCRimm/hjÍ^BÔàÌ½Ï~J­xÅ èÀª~Jf[^©çßéDLø~J­x
Reimm/hjÍs[N¬Ê Qpim3/sjC¬æÊÏ Aikm2jðp¢®i6.2j©çZo·éD
Re =
3.6 × Qp
A
(6.2)
6.2.3.3 ¼Ú¬oÊÌª£
~JÊÌ¤¿Zú¬oÉñ^·é¼Ú¬o¬ªðc¬·é½ßCÈºÌû@Éæè¼Ú¬oÊðèµ
½DÎ²É`©ê½nChOtÌ¬oü¸Ì¼üð~JI¹ÜÅt}µÄ¬ÊÌ§¿ãªè
_ÆÑC»ÌüªÌãÉ·éÊð¼Ú¬oÊÆ·éiFig.6.12jD½¾µC¬oÊª¬³­»Ìü
¸ª¾ÄÉ»êÈ¢êÉÍC¬ÊÌ§¿ãªèª©çnChOtð½Éª£·éû@Éæè
¼Ú¬oÊðZo·éD
{¤ÅÍC¬os[NÆ»Ìü¸ª¾ÄÉ\êé~J¬oCxgðnChOt©çÚÅo
µC¬oÌ§¿ãªè©çü¸I¹ÜÅÌ~JÊðêJJÊÆ·éDÜ½C¬æÌZú¬oÁ«ð\»
·éwWÆµÄêJJÊÉÎ·é¼Ú¬oÊÌð¼Ú¬o¦CêJJÊÌ¤¿¼Ú¬oµÈ©Á½¬
ªð¬æÛ¯ÊÆè`·éD
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6.3 cÇÌá¢ÉÚµ½¬oÁ«Ìär
6.3.1 ¼Ú¬o¦Ìär
êJJÊ 20mmÈãC©Â~J­x 5mm/hÈãÌ 26ñÌ~JðÎÛÆµCS~JÌ­¶NúC
~JÊimmjC¼Ú¬o¦i%jCÅå~J­ximm/hjCs[N¬Êimm/10minjð Table 6.2ÉÜÆ
ß½DÈ¨CÈºÅÍCTable 6.2Ì~JÔ xÉÎ·é~JÛðu~J xvÆ\L·éD
e¬æÌ£¼óÔÌá¢Éæé¼Ú¬o¦Ì·Ùð\»·é½ßC~JO 7úÔÌæs~JÊðwWÆ
µÄC»êÉÎ·é¼Ú¬o¦ð Fig.6.13É¦µ½DÈ¨Ce¬æÌæs~JÊªÙÈé½ßC¯}ÅÍ
e¬æÌ½Ïð¡²ÉÆÁÄ®µ½D¯}©çC¬æª£óÔÉ éÉÍSÊÉ¼Ú¬o¦Í¬³
­C¬æÔÌ·ðÇÝæé±ÆÍïµ¢ªCæs~JÊª 70mmð´¦éÆXÉ¬æÔÌ·ªå«­
ÈéDúü^¬æÌ¼Ú¬o¦ªkì^¬æðãñèC»Ì·ÍÅåÅ 31.4%ÆÈÁ½DÜ½CXÑ¬
æÌ¼Ú¬o¦Í¢¸êÌêà 40%ð´¦È©Á½D
6.3.2 s[N¬oWÌär
Table 6.3É^BÔ TpiminjC^BÔÌ½Ï~J­x Rimm/hj¨ æÑLø~J­x Re
imm/hjCs[Nä¬Ê Qpim3/is · km2jjCs[N¬oW fp ÌÖWð¦·D^BÔÌèÉÍC
¬æä¬Êª 1m3/is · km2jÈãÌ¿ðÌp·×«ÆÌÓª éªip®C1980j[44]C±±ÅÍ»Ì
îÈºÅàS~J¬oÌ¤¿©çC~Jg`ªPô`Å¬Ês[NªÍÁ«èµ½àÌÉÂ¢Ä¢
ðsÁ½DÈ¨C¢µ½¬oÌ¬æä¬ÊÍkì^¬æÅÍ 0.34`1.82m3/is · km2jCúü^¬æÅÍ
0.60`1.91m3/is · km2jÆÈèC1m3/is · km2jÆ¢¤îð½·àÌÍ¼¬æÌ~J 13¨æÑ 14¨
æÑúü^¬æÌ~J 4ÌÝÅ Á½D
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Table 6.2±¬æÉ¨¯éZú¬oÁ«
Cultivated Paddy-dominant Abandoned Paddy-dominant Forest
No. date Ant. Prc. Rat. Int. Peak Prc. Rat. Int. Peak Prc. Rat. Int. Peak
2007
1 22 Aug. 6.5 37.0 4.3 21.5 0.213 32.5 4.9 18.0 0.206 23.0 7.8 12.0 0.171
2 28 Aug. 32.5 42.5 15.5 8.5 0.142 48.0 5.6 9.5 0.078 51.5 9.7 13.5 0.125
3 30 Aug. 30.0 50.0 36.2 11.5 0.145 48.0 22.1 12.0 0.149 46.0 15.0 9.0 0.171
4 5 Sep. 60.0 - - - - 48.0 24.8 31.0 0.721 46.0 14.9 21.0 0.563
5 8 Oct. 19.0 44.0 9.1 6.0 0.043 50.0 8.6 6.5 0.056 56.0 4.5 4.0 0.042
6 26 Oct. 20.0 84.5 30.2 6.0 0.133 - - - - 73.5 16.7 9.0 0.142
2008
7 20 May 4.5 22.5 2.4 6.0 0.008 22.5 1.6 6.5 0.014 - - - -
8 23 Jun. 16.0 27.5 4.1 5.0 0.010 40.5 3.0 19.5 0.145 - - - -
9 29 Jun. 40.0 82.5 24.1 9.5 0.239 82.5 36.2 9.5 0.267 78.0 18.5 6.5 0.204
10 8 Jul. 10.0 45.0 29.8 25.5 0.286 - - - - - - - -
11 4 Aug. 5.0 27.5 1.4 20.0 0.055 27.5 7.6 20.0 0.406 - - - -
12 15 Aug. 1.5 62.0 8.2 33.5 0.540 53.5 8.2 38.0 0.419 - - - -
13 16 Aug. 55.0 64.5 25.1 34.0 0.967 70.0 29.1 38.0 1.017 94.5 27.2 35.5 1.895
14 19 Aug. 142.0 79.5 54.7 34.5 1.127 65.5 70.3 27.5 1.147 65.5 31.3 12.5 0.786
15 21 Aug. 223.5 51.0 45.5 13.5 0.540 54.5 76.9 16.0 0.780 51.0 35.5 9.5 0.622
16 25 Sep. 70.0 122.0 39.8 13.5 0.286 127.5 64.5 12.5 0.386 102.5 37.7 7.5 0.240
2009
17 17 May 16.0 24.5 6.8 7.0 0.040 24.0 5.0 7.5 0.053 23.5 5.1 5.5 0.047
18 31 May 10.0 20.5 3.3 4.0 0.007 20.5 0.5 4.5 0.008 22.5 3.1 3.5 0.021
19 22 Jun. 0.5 42.0 17.0 24.5 0.431 43.0 20.8 27.0 0.461 40.0 19.0 22.5 0.764
20 1 Jul. 7.5 46.0 17.3 7.0 0.139 57.5 24.2 11.0 0.209 45.0 11.1 8.0 0.204
21 9 Jul. 55.5 90.0 51.7 12.0 0.427 88.5 48.5 11.0 0.465 81.5 33.1 9.0 0.448
22 18 Jul. 23.0 47.0 36.6 17.5 0.497 44.5 29.4 16.0 0.423 47.0 28.3 8.5 0.398
23 8 Aug. 38.5 22.0 17.3 11.5 0.272 31.5 23.2 11.0 0.262 35.5 13.0 10.0 0.403
24 29 Aug. 6.5 22.5 8.0 6.5 0.077 26.5 11.7 8.5 0.096 26.5 12.1 9.5 0.161
25 3 Nov. 68.5 42.0 35.7 6.0 0.218 46.5 27.9 5.5 0.172 44.0 18.9 6.0 0.164
26 11 Nov. 0.0 58.0 26.4 3.5 0.275 52.5 24.0 6.5 0.145 50.0 14.6 5.5 0.178
Abbreviations and units:
Ant.: Antecedent Precipitation for 7 days (mm/7d), Prc.: Total Precipitation (mm), Rat.: Direct Runoff Ratio (%),
Int.: Maximum Rainfall Intensity (mm/h), Peak: Peak Discharge (mm/10min)
Table 6.3kìEúü^¬æÉ¨¯é^BÔ¨æÑs[N¬oW
No. Cultivated Paddy-dominant Abandoned Paddy-dominant
Tp R Qp Re fp Tp R Qp Re fp
4 - - - - - 40 46.50 1.19 4.32 0.09
10 40 36.75 0.48 1.72 0.05 - - - - -
12 40 42.75 0.34 1.25 0.03 30 47.00 0.70 2.51 0.05
13 50 39.60 1.61 5.82 0.15 60 37.50 1.68 6.10 0.16
14 90 27.66 1.82 6.56 0.24 90 22.90 1.91 6.88 0.30
19 50 28.20 0.71 2.59 0.09 30 28.00 0.77 2.77 0.10
22 80 15.37 0.78 2.82 0.18 50 16.20 0.60 2.20 0.14
Abbreviations and units:
Tp: Flood Concentration Time (min), Qp: Peak Discharge (m3/(s · km2)), fp: Peak Runoff Coefficient
R, Re: Average and Effective Rainfall Intensity within Flood Concentration Time (mm/h)
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Fig.6.13~JO 7úÔÌæs~JÊÉÎ·ée±¬æÌ¼Ú¬o¦ÌÖW
Ü¸s[N¬oWðär·éÆC¬æÌ£¼óÔCn\í¢ÉæÁÄ»Ìå¬ÖWÍÙÈéDs[N
¬oWÌÅålÍkìEúü^¼¬æÆà~J 14Å¶¶C»ÌlÍkì^¬æÌ 0.24ÉÎµCúü^
¬æÍ 0.30Æ 1.25{ÌlÆÈÁ½DÈ¨Cs[N¬oWÌÅålª¾çê½~J 14ÅÍCkì^¬
æÌÅå~J­xªúü^¬æÌ»êæèå«¢D¼ÉCkìcEúü^¬æÌ~J­xª¯êÅ Á
½êC¼ÒÌs[Nä¬ÊÌ·Í³çÉå«©Á½Â\«ª éD
ãLÉÁ¥ð¦µ½ÈOÌ~JÅÍ¼¬æÌs[N¬oWÔÉ¾ÄÈá¢Í©çêÈ¢Dúü^¬æ
Ìs[N¬oWªkì^¬æÌ»êðãñéÛª½¢àÌÌC~J 22ÅÍkì^¬æÌs[N¬o
Wªúü^¬æÌ»êðãñÁ½D
É^BÔ Tp ðär·éÆC~JÉæÁÄÎçÂ«ªå«­Ckì^¬æÅÍ 40`90ªCúü
^¬æÅÍ 30`90ªÆÈÁ½DÜ½C^BÔðkìEúü^¬æÔÅärµÄàC»Ì·Í 10ª
öxÅ¼ÒÌÔÉ¾ÄÈ·Í©çêÈ©Á½D
6.3.3 ¬æÛ¯ÊÌär
Fig.6.14ÉkìEúü^¬æÌ¬æÛ¯ÊÌärð¦·D~JÊªñ 40mmÜÅÍ~JÌÙÆñÇª
¬æÉÛ¯³ê»Ì·Í¬³¢ªC~JÊªå«­ÈéÉÂê¼ÒÉ·ª¶¶éD¼¬æÅ¾çê½¬æ
Û¯ÊÌïü©çÅå¬æÛ¯Êðèµ½Æ±ëCúü^¬æ 52mmCkì^¬æ 61mmCXÑ¬æ
64mmÆÈÁ½D·Èí¿Ckì^¬æÌÅå¬æÛ¯ÊÍúü^¬ææèñ 10mmå«­C±êÍX
Ñ¬æÆÙÚ¯ÌlÅ Á½D
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Fig.6.14kìEúü^¬æÌÛ¯ÊÌär
6.3.4 kìúüÉº¤s[N¬oWE¼Ú¬o¦ÌÏ»
s[N¬oWÍ~J 22Ì~JÈOÅúü^¬æªkì^¬æÌ»êðãñèCúü^¬æÌÅål
Íkì^¬æÌ»êÌ 1.25{ÆÈÁ½i~J 14jDÜ½Cúü^¬æÌ¼Ú¬o¦ÍC~JO 7úÔÌ
æs~JÊÌÁÉºÁÄkì^¬æÌlðãñéXüª èC»Ì·ÍÅåÅ 31.4%Å Á½i~J
15jD
±±ÅCkìEúü^¬æÔÌ¼Ú¬o¦Ì·ªå«­\ê½~Ji~J 15C16jÉÂ¢ÄC»ÌÁ¥
ðärµ½D¼~JÉÎ·é¬onChOtiFigs.6.15, 6.16j©çCs[N¬ÊÍ~Jã¼É­¶
µC±ÌCúü^¬æÌ¬Êªkì^¬æðãñé±Æª©ÄæêéD
Ü¸C2008N 8 21úÉ­¶µ½~Ji~J 15jÉæé¬onChOtð¦·iFig.6.15jD±
Ì~Jª­¶·é¼O 7úÔÌæs~JÊÍ¼¬æÆà 200mmð´¦Ä¨èikì^¬æ 223.5mmCú
ü^¬æ 207.5mmjCÁÉ 5úO©ç~J 12`14Éæé~JªWµÄ¢½±ÆÉÚÅ«éD
ÉC2008N 9 25`28úÉ­¶µ½~Ji~J 16jÌnChOtð¦·iFig.6.16jDñ 120mm
Ì~JÊð~Jg`©ç 9 26ú 12ð«ÆµÄª¯éÆCO¼Ì~JÊÍñ 70mmÅ Á½D±
ÌO¼Ì~JÉ~JJnO 7úÔÌæs~JÊ 70mmðÁ¦éÆC±¬æÔÌ¬ÊÉ·ª¶¶½ã¼
Ì~JJnÜÅÉñ 140mmÌ~Jª Á½±ÆÉÈéD
±¤µ½¼óÔÌkìúücÉ¢­xÌJiá¦Î~J 14jª~éÆkìúüc©çn\
¬ªåÊÉ­¶µC»êçªn\ÊÌÝ¿Cöóµ½lÈðÊÁÄ¬o·éDêûÅCkìcÌc
ÊâlÈÌZ§ÊÍ¬³­C±¬æÅÍlÈÌ³ª 40`50cm öxÅ é±Æ©çn\¬ªêI
É¯³êCs[N¬oWÉ·ð¶¶½Æl¦çêéD½¾µCÏªúÔÉ¾çê½Åå~J­x
i38.0mm/hjÍCßTÌA_XÀËn_ÅÍ 5Nm¦öxÌ­xÅ èC±êÈãÌ­xÉÎ·é
ÉÍÊÌ¢ªKvÆvíêéD
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Ü½C¼Ú¬o¦Éå«È·ð¶¶½~Ji~J 15C16jÌs[N¬Ê­¶Ì~J­xðär·é
ÆC~JÔ 15Íñ 15mm/hC~J 16Í mm/hÅCÎÛ¬æÉ¨¯éÏªf[^ÌÅÍ¬KÍÌ
~J­xÅ Á½D±Ì±Æ©çC¼óÔÉ¨¯é¼Ú¬o¦ÌåÍ~J­xÌå¬ÉËçÈ¢Æà
¢¦éD
6.4 RÔcìz¬æÌ¬o»ÛÌf»
¬æÔÌ¼Ú¬o¦É·ª¶¶é~JO 7úÔÌæs~JÊÍ 70`200mmCs[N¬oWÌÅål
ª¶¶½~JO 7úÔÌæs~JÊÍ 140mmÆärI~JJnOª¼ÈóÔÅ Á½D¼ûC¬æª
£óÔÉ éÉÍ¢~J­xÅ ÁÄàkìEúü^¬æÔÌ¼Ú¬o¦Ì·Í¬³­Ckìúü
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Ìe¿Í¬æXP[ÅÍ³µ¤éÆl¦ÄÇ³»¤Å éD»Ì½ßCÏª³ê½Zú¬oÁ«Ìá
¢Í¼ÈóÔÌkìcEúücÌ¶Á«ð½fµÄ¢éÆl¦çêéD
6.4.1 kìEúücÌ¬oßöÌf»
6.4.1.1 kìcÌ¬oßö
cX[ÍC~ÊCãq·écÊCcZ§Ê©çûxÉæèZo·éDÜ½CcX
[ªKûÌ³ð´¦½êÉc©çÌ¬oªÌö®É]ÁÄ­¶µCÍ¹Ö¼Ú¬o·éD
kìcÅÍßTÌk¬Íì©çÌæÉæÁÄXðÛµÄ¢é±ÆªC»n²¸¨æÑ·«æè
Éæèª©Á½D»±ÅC3.2Åñ¦µ½æÊè@Ì¤¿Cæ{ÝÌ³ª¾çêÈ¢óòcÅ
Ìèû@ðpµÄcÊ Qaim3/dtjðè·éD·Èí¿CObhZàÌkìcÌX
[ªÇ[ðºñÁ½Æ«ÉCObhZã¬[ÌÍì¬Ê Qcin m3/dtjÆCÞêKvÊiPÊ
pÊ Qrqim/dtjÆObhZàÌóòcÊÏ Air m2j©çvZjðärµC»Ì¤¿¬³¢ûð
cÊ Qa Æ·éDÈ¨Cpªs«·éêÉº¬Ìc©çã¬ÌcÖgµÄs«ªðâ¤
±Æà éªC±±ÅÍ»ÌßöÍæèµíÈ¢D
6.4.1.2 kìúücÌ¬oßö
kìúücÌ¶Â«Æ£¼óÔÌÖWÉÂ¢ÄÍ½­Ì¤ª éDá¦ÎCgcçi1997j[95] Í
{¤Ì±¬æªÜÜêéòéuËÌkìúücÉ¨¢ÄC£¼ÌJèÔµÉæècÌyëÁ«
ªÔIÉÏ»µC£ÉæÁÄeÔC§«ªåµÄà¼ÉÍÄÑ»êçª¸­·é±Æð¾
ç©Éµ½DÜ½Cçtçi1997j[71] Í±VÆñ 40mmÌ~JãÉúücêMÅÌCe[N[
g±ðs¢C±VÌuZüÊ 19mm ÉÎµÄ~JãÌ»êÍ 1mm ÉÜÅ¸­·é±Æð¦µÄ
¢éD
Ü½CkìúüÉæécÌÏ»ÉÍlÈÌöóÌÙ©ÉCã©«Ìl×IÈcÇÉæÁÄÛ
³êÄ«½yë¨«ÌÏ»ª °çêéDá¦ÎCòéuËÌkìúücÅÍC[³ 25`30cmÌ
kÕwÌOa§WªÉ[ÈyëÌ£Éæè 10−4cm/söxÜÅå·éigcçC1997j[95]D
µ©µCcÊÅJèÔ³êéTôâeEÌeÏÌÏ»É¶ÄÔIEóÔIÉÏ®·éÞêÌZ
§Êðè·é±ÆÍ¢ïÅ é±Æ©çi«§çC1997j[33]C±±ÅÍcZ§ÊÌãÀEºÀlðÝ
èµCúXÌZ§Ê Iabn ªªQæ¯Ê S r É¶Äü`IÉÏ»·éæ¤Éf»·éD
Iabn = Imin + (Imax − Imin)
(
1 − S rS rmax
)
(6.3)
±±Å Imin ÍcZ§ÊÌºÀlCImax ÍãÀlÅ éDÜ½CkìúücÅÍÍì©çÌæÍsí
êÈ¢àÌÆ·éD
6.4.1.3 kìEúücÅÌp[^Ýè
òéuËÌkìcÌlÈÌ³ÍcÊ©ç 40`50cmöxÅ èCcÊâlÈÌZ§Êª¬³¢
½ß 25`30cmÌ¯ª êÎñ 1ÌA±±VÅàXðÛ·é±ÆªÅ«éi|àC1974j[64]D
»n²¸ÉîÃ«CfÌkìcÌlÈÍ 400mmCcÊ©çKûÜÅÌ³Í 300mmCêû
ÌkìúücÌcÊ©çKûÜÅÌ³Í 30mmÆµ½DÜ½CkìcÌÇ[Í 50mmCQrq
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ÍRÔcÌ¬KÍÈæ{Ýðl¶µÄ 10mm/d Æµ½DæúÔÍ»nÅÌ·«æè©ç 5  1
ú`8 15úÆµ½D
³çÉCòéuËÌkìcÌyëÍdSy¿ÅºwyÌ§WÍ«íßÄ¬³­C10−7`
10−6cm/söxÅ é±Æ©çCkìcÌcZ§ÊÍ 5mm/dÆµ½DêûÌkìúücÌcZ§
ÊÍ®i6.3jÉæèè·éªC±±ÅÍºÀl Imin ð 5mm/dCãÀl Imax ð 25mm/d Æµ½D±ê
ÍCòéuËàÌkìúücÉ¨¢ÄCåKÍÈTôª[wÜÅBµ½±ÎÂOãÌêMÞêÌû
x©çß½cZ§ÊÌú½Ïli±ÎÂOÉ 5.7mm/dC±ÎÂãÉ 25.6mm/djðQlÆµ½àÌÅ
 éigcçC1997j[95]D
6.4.2 Zú¬ovZÉ¨¯éúlÌÝè
6.3Å¦µ½Æ¨èC~JJnÌcÌ£¼ðªZú¬oÁ«Ée¿·éÂ\«ª éDW^¬
ofÅÍúl©Ìðp[^ÆµÄè·é±ÆàÅ«éªCªz^¬ofÅÍCn`âZ
§ßöÌá¢ð½fµ½fóÔÊÌóÔªzÜÅðè·éKvª éD»±Å±±ÅÍCúPÊÌ
·ú¬ovZ©çðÍÎÛÆ·é~JJnÌfóÔÊð¾ÄC±êðúlÆµÄZú¬ovZð
s¤DïÌIÉÍÈºÌèÉ]¤D
1jfÌp[^iQb0C fbCRc0C frCTdCKsatCψjðCXÑ¬æÌ·ú¬ovZ©çè·éD
±êçÌ¤¿CQb0CfbCRc0CfrCTd Í¬oü¸âîê¬oÌÄ»«CKsatCψÍ¬os[NÌÄ»
«ð»ê¼êÚÅ»fµÈªçCsöëIÉè·éD
2jn¿En`ªÞ·é¬æÅÍnÌp[^Í¯ÌlÆÈéÆ¼èµC1j¨æÑ 6.4.1.3Å
Ýèµ½p[^ðkìEúü^¬æÉKpµCúPÊÌ·ú¬ovZðs¤D
3j2jÌvZúÔÉliúJÊ 20mmÈã©Â~J­x 5mm/hjÈãÌ~Jª­¶µ½êC­
¶úÌeObhZÉ¨¯éóÔÊÌlðÛ¶·éDÛ¶·éóÔÊÍCS rCS uCDs ¨æÑk
ìcEúücÌX[ Hpad Å éD
4j3jÅÛ¶µ½óÔÊðúlÆµCvZÔPÊðÏXµ½Zú¬ovZðs¤D±ÌC·úE
Zú¬ovZÌ¬oßöÍ¯¶¨ßöÉæÁÄxz³êé±ÆÆµC¼Òð\»·ép[^
Í¯êÌàÌðp¢éDÜ½CZú¬ovZÌI¹ÍCÏª¬Êª[ªÉá¸·éÜÅðÚÉæ
è»fµÄè·éD
6.4.3 ±¬æÉ¨¯éKpû@
ObhZÌêÓ·ð 100mÆµÄ¬æzÂfðKpµ½Æ±ëCkìcEúü^¬æÌO
bhZÍ»ê¼ê 125C81ÆÈÁ½DÈ¨C¬æEÆdÈéObhZÅÍC»ÌObhZ
ÉÜÜêé¬æÌÊÏðObhZÉ^¦½DÜ½CeObhZÉÜÜêéln} 50mOb
hZÌ½ÏðObhZWÆµCÅ}ùz@ÉîÃ¢Ä¬üðèµ½D
ObhZ²ÆÉkìEúücÌÊÏ¦ð¦·Æ Fig.6.17CFig.6.18Ìæ¤ÉÈéDkì^Cúü
^¬æÆàÉkìc¨æÑkìúücª¬Ý·éObhZªê¶ÝµÄ¢éDkì^¬æÌO
bhZÉèßékìcÌÊÏ¦ÍÅåÅà 59.8%Å éD
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Fig.6.18úü^¬æÌObhZÉ¨¯écÊÏ¦ÌäriúücÌÊÏ¦Éæé¸\¦j
Zú¬ovZÌÔPÊÍCe±¬æÌ^BÔÍÅZÅ 30ªöxÅ é±Æ©çC10ªÆµ
½DÜ½C~JÌö­UÊÍ~JÊÉä×Ä[ª¬³¢ÆµCZú¬ovZÍö­UÊð 0mmÆµ
½D³çÉC±¬æÅÍÏáEZáª¬oÁ«Éå«­e¿·é½ßCMûx@ÉîÃ¢½ÏáEZá
fi4ÍÅÚqjðeObhZÉgÝÝCZèµ½úZáÊð~JÊÆ¤ÉObhZÖÌ
üÍlÆµÄ^¦½D
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6.5 ±¬æÖÌfKpÊÆ»Ìl@
6.5.1 ÙÈévZÔPÊÉæévZÊÌär
ÙÈévZÔPÊÉæé¬Ê¨æÑsOaæEOaæ¯ÊÌvZÊðCkì^¬æÉ¨¯é~J
iTable 6.2Ì~J 9C10jðáÆµÄärµ½D~J 9ÌZú¬ovZúÔÍ 2008N 6 29ú`7
7úC~J 10Ì»êÍ 7 8ú`13úÅ éiFig.6.19jD
¬ÊÌvZÊðär·éÆC·ú¬ovZÉæé~J 9Ìs[N¬ÊªZú¬ovZÌs[Næèâ
âå«©Á½àÌÌC~J 10Ìs[Nâ¬oÌü¸ªÅÍ¼ÒÆàÏªlÆTËêvµ½iFig.6.19
iajjD
ÉC¯úÔÌOaæ¯ó«eÊ Ds ÆsOaæ¯Ê S u ÌÏ»ÉÂ¢Äärµ½i¯}ibjjDO
aæ©çÌ¬oÊ QboutCRc Í Ds ÉÎ·éñü`ÖÅ\³êé½ßCÙÈévZÔPÊÅsÁ½v
ZÊÍµ§ÉÍêvµÈ¢D½¾µC~JãÉ S u ÌÁCDs Ì¸­ªN±èC»ÌãnÌª¯
ÊªÉâ©É¸­µÄ¢­ßöÍ·úEZúÌvZÉæè¯öxÉ\»³êÄ¢éDÜ½C~J 9ÌvZ
I¹É¨¯é Ds Ì·úEZú¬ovZÉæé·Í 2.1mmC¯_ÅÌ¼ÒÌ S u Í¯¶lÆÈÁ½D
±êçÌÊÍC·úEZú¬ovZÅ¯¶p[^ðp¢é±ÆâC·ú¬ovZ©ç¾çê½f
óÔÊðZú¬ovZÌúlÉø«p®±ÆÌÃ«ð¦µÄ¢éD
È¨CJÉÍ·ú¬ovZÅÌ Ds ÌÏ»ÊÍZú¬ovZÉä×ââßåÆÈé±Æ©çC·ú
¬ovZÅÍZúÌàÌÆä×Äs[N¬Êªå·é±Æà Á½Dá¦Î~J 9ÉÎµC·ú¬ov
ZÅÍ Ds Ì¸­ÊªZúÌ»êæè 10mmöx½­CDs = S u ÆÈéOaóÔª¶¶½i¯}ibjÌ
6 29újD±ÌZú¬ovZÅÍObhZªOa¹¸C±Ìá¢Í~J 9Ì·ú¬ovZÌs[
N¬ÊªZúÌ»êæèå«­ÈéêöÆÈÁ½D½¾µ~J 10ÅÍ¯lÌ»ÛÍN±ç¸C±¤µ½
á¢ÍJÉÀèIÅ éÆ¢¦éD
6.5.2 Zú¬oÛÌvZÊÆ»ÌÁ¥
6.4.2ÅLµ½lðãñÁ½~JÍ Table 6.4Ì 26ÛÅ Á½D¯\És[N¬ÊC¬oÊÌÏ
ªlÆZú¬ovZÌÊÈçÑÉ®ÉæéÎë· RE ð¦·D
RE =
1
N
N∑
t=1
|Qobs(t) − Qcal(t)|
Qobs(t) (6.4)
±±ÅCQobs(t)ÍÏª¬ÊCQcal(t)ÍvZ¬ÊCN Íf[^Å éDÈ¨CZú¬ovZÅÌÎë·
ÍÏª¬Êª 0.02mm/10minÈãÌúÔðÎÛÆµÄZoµ½D
Zú¬ovZÅ¾çê½Îë·ÍCkì^¬æÅ 13.1`45.2 %i½Ï 25.7%jCúü^¬æÅ 11.5`
42.3%i¯ 29.6%jÅ Á½D
~JÛ²ÆÉÄ»«ðär·éÆCÏªs[N¬Êª 0.5mm/10minÈãÆärIå«¢~J¬o
ÛÅÍkì^¬æÅÎë· 14.9%Cúü^¬æÅ¯ 21.6%Æ¢Ä»Êª¾çê½iá¦Î Figs.6.20
`6.25jD
êûCs[N¬Êª 0.5mm/10minÈºÌ~J¬oÛÅÌÄ»«Í»êÈãÌàÌÆär·éÆá­C
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Fig.6.19ÙÈévZÔPÊÉæé¬Ê¨æÑOaæEsOaæ¯ÊÌäriiajÌ 10ªPÊÌvZ
¬ÊÍúPÊÉÏZµÄ\¦j
Îë·Íkì^¬æÅ 29.2%Cúü^¬æÅ 31.4%Å èCÁÉs[N¬Êðß¬]¿·éXüÉ Á
½iá¦Î Fig.6.26CFig.6.27jD­xÌ¬³¢~Jªp±µ½~J 16i~JÛÌÚ×Í 6.3.4Éùqj
ÉÎ·ékì^¬æÌvZÊð¬KÍÈ~J¬oÛÌêáÆµÄ¦·iFig.6.26jD¯}©çCÝÏ~
Jª 140mmð´¦éã¼ÅÍ¬o»Ûªæ­Ä»³ê½àÌÌC~J¬oÌúiKÅÍvZ¬Êªß
¬ÆÈÁÄ¢½±Æªª©éD
±Ìæ¤È¬KÍoÌÄ»«Ìá³ÌêöÆµÄCfÌn\¬Ì­¶û@ð°é±ÆªÅ«
éD{fÅÍOa]èn\¬ÆZ§]èn\¬ÉæÁÄn\¬ð\»·é½ßCZ§]èn\¬ª­
¶µÈ¢ã¢~JÉæé¬oÌå¼ÍOa]èn\¬ªèßéD±ÌOa]èn\¬ÍvZãÅÍOb
hZªOa·éÜÅ­¶µÈ¢ªCÀÛÉÍ~JJnãÌ¢iK©çÍ¹üÓÉ¬XP[ÌOa
æª`¬³êCn\¬ª­¶·éD»Ì½ßCã¢~Jâ~J¬oÌúÉÍfÅ\»·éOa
æÆÀÛÌOaæÌXP[Ìá¢ªå«­ÈèC¬oªß¬]¿³ê½àÌÆÞµ½D
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Table 6.4Zú¬oÛÌvZÊÆ»ÌÏªlÆÌär
Cultivated Paddy-dominant Abandoned Paddy-dominant
Observed Calculated Observed Calculated
No. date Ant. Prc. Peak Roff Peak Roff RE Prc. Peak Roff Peak Roff RE
2007
1 22 Aug. 6.5 37.0 0.213 3.2 0.015 1.8 25.1 32.5 0.206 3.1 0.050 2.3 33.2
2 28 Aug. 32.5 42.5 0.142 10.2 0.223 16.5 30.2 48.0 0.078 8.5 0.240 14.3 27.5
3 30 Aug. 30.0 48.0 0.145 16.2 0.054 11.1 28.4 48.0 0.149 10.8 0.053 9.5 25.3
4 5 Sep. 60.0 - - - - - - 48.0 0.721 6.7 0.904 13.6 31.5
5 8 Oct. 19.0 44.0 0.043 5.2 0.034 5.1 25.4 50.0 0.056 12.3 0.036 6.2 29.3
6 26 Oct. 20.0 84.5 0.133 15.5 0.108 16.8 27.1 - - - - - -
2008
7 20 May 4.5 22.5 0.008 0.5 0.004 1.7 36.5 22.5 0.014 0.9 0.022 2.9 32.6
8 23 Jun. 16.0 27.5 0.010 0.5 0.003 0.6 31.2 40.5 0.145 1.3 0.061 2.0 20.5
9 29 Jun. 40.0 82.5 0.239 14.7 0.285 14.6 27.6 82.5 0.267 23.5 0.104 21.4 30.4
10 8 Jul. 10.0 45.0 0.286 5.2 0.270 5.4 22.3 - - - - - -
11 4 Aug. 5.0 27.5 0.055 0.4 0.117 2.4 20.4 27.5 0.406 2.4 0.230 3.6 24.5
12 15 Aug. 1.5 62.0 0.540 5.3 0.565 5.7 16.4 53.5 0.419 4.5 0.586 5.2 36.1
13 16 Aug. 55.0 64.5 0.967 29.4 1.106 21.2 14.2 70.0 1.017 37.5 1.227 56.6 23.6
14 19 Aug. 142.0 79.5 1.127 53.8 1.301 62.9 13.1 65.5 1.147 61.2 1.190 56.1 11.5
15 21 Aug. 223.5 51.0 0.540 41.6 0.466 42.5 15.8 54.5 0.780 45.6 0.807 42.5 19.8
16 25 Sep. 70.0 122.0 0.286 64.8 0.308 64.7 26.2 127.5 0.386 89.9 0.374 80.7 27.2
2009
17 17 May 16.0 24.5 0.040 0.8 0.015 0.7 35.3 24.0 0.053 0.9 0.002 0.3 21.3
18 31 May 10.0 20.5 0.007 4.3 0.003 1.5 45.2 20.5 0.008 2.5 0.026 2.0 36.2
19 22 Jun. 0.5 42.0 0.431 7.6 0.614 5.8 26.1 43.0 0.461 8.1 0.548 8.3 42.3
20 1 Jul. 7.5 46.0 0.139 7.8 0.036 8.3 23.9 57.5 0.209 13.4 0.063 15.4 36.1
21 9 Jul. 55.5 90.0 0.427 39.6 0.336 48.6 37.0 88.5 0.465 46.2 0.452 61.5 38.8
22 18 Jul. 23.0 47.0 0.497 30.0 0.438 43.1 33.9 44.5 0.423 29.1 0.301 33.6 27.5
23 8 Aug. 38.5 22.0 0.272 8.5 0.276 10.3 21.3 31.5 0.262 13.6 0.380 21.5 37.4
24 29 Aug. 6.5 22.5 0.077 2.5 0.114 5.9 34.9 26.5 0.096 1.8 0.124 6.5 34.2
25 3 Nov. 68.5 42.0 0.218 10.9 0.375 15.4 24.6 46.5 0.172 13.5 0.209 12.3 23.5
26 11 Nov. 0.0 58.0 0.275 15.9 0.453 35.1 30.8 52.5 0.145 13.8 0.119 20.5 43.5
Abbreviations and units:
Ant.: Antecedent Precipitation for 7 days (mm/7d), Prc.: Total Precipitation (mm),
Peak: Peak Discharge (mm/10min), Roff: Total Runoff (mm), RE: Relative Error (%)
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6.5.3 ·ú¬ovZ©çoµ½Zú¬ovZpÌúð
e±¬æÉ¨¯é·ú¬ovZÊð¦·iFig.6.28`Fig.6.5.3jD®i6.4jÅvZµ½SúÔÌÎ
ë·Íkì^¬æÅ 54%Cúü^¬æÅ 39%CXÑ¬æÅ 38%Å Á½DÜ½CÏáEZáúi12`4
jð¢ÄZoµ½Îë·ÍCkì^¬æÅ 39%Cúü^¬æÅ 29%CXÑ¬æÅ 32%ÆÈÁ½D
¢¸êÉµÄàkì^¬æÅÎë·ªå«¢D±êÍC¼Ì 2¬æÅÍHÉÊvðÝuµ½ÌÉ
ÎµCkì^¬æÅÍ©RÍìÉÊvðÝuµ½½ßC¬HªèÜèÃç¢áÉÏª¬ÊÌë·ª
å«©Á½½ßÆ»fµÄ¢éDÝÉCáiÏª¬Ê 0.5mm/dÈºjðOµÄZoµ½kì^
¬æÌÎë·Í 31%ÆÈÁ½DãqÌÊèCXÑ¬æÅèµ½p[^ÉæÁÄC¼Ì±¬æ
Ì¬oðXÑ¬æÆ¯Ì¸xÅÄ»Å«é±ÆÍCn¿ªÞµ½¬æÅ êÎ¯¶p[^ðg¦
éÆ¢¤ªz^¬ofÌOñðmF·éàÌÆ¾¦éD
e¬æ©çÌ·ú¬oÖÌ¬æzÂfÌKpÊÉîÃ«C6.4.2Åq×½û@É]¢CãLÌ
·ú¬ovZÌfóÔÊðZú¬ovZÌúlÆµÄoµ½D±±ÅÍCoµ½óÔÊÌ¤
¿±¬æÔÌ·Ùªå«©Á½Oaæ¯ó«eÊ DsCcX[ Hpad ÉÂ¢Ä±¬æÔÌär
Êð¦·D
Ü¸COaæ¯ó«eÊÌnñÏ»ÉÂ¢Ä 2008NÄGÌáð Fig.6.34É¦·D¯}É¦µ½
Oaæ¯ó«eÊÍCe±¬æàÌÅålÆcª¶Ý·éObhZÌ½ÏlÅ éD6º{
©çúü^¬æSÌÌOaæ¯ó«eÊª~J²ÆÉáºµ½inºÊªã¸µ½jÌÉÎµCkì
^¬æÌ»êÍêèàµ­Í÷µÈªçÚµ½D»ÌãC8º{ÌWIÈ~JÉæè¼¬æÆ
àOaæ¯ó«eÊª¸­µCúü^¬æÌOaæ¯ó«eÊÌ½Ïlª[ÉßÃ¢½D
ÉCcX[ÌÏ»ÉÂ¢ÄC¯¶­ 2008NÄGÌáð Fig.6.36É¦·D¯}ÌlÍCkì^
¬æÅÍkìcCúü^¬æÅÍúücª¶Ý·éObhZÉ¨¯écX[Ì½Ïð\µÄ
¢éDkìcÅÍX[ªÛ³êÄ¢éÌÉÎµCúü^¬æÅÍ~JãÉ­¶µ½Xª¬oÈ¢
µÍZ§Éæè·®ÉÁ¸µ½±ÆÉÈéD
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